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EXECUTIVE SUMMARY

This document presents the Work Plan for the Phase I Resource Conservation and Recovery Act
(RCRA) Facility Investigation (RFI)/Remedial Investigation (RI) for Operable Unit No. 4 (OU4)
at the Rocky Flats Plant in Jefferson County, Colorado.

The RFI/RI investigation is pursuant to an Interagency Agreement (IAG) among the U.S. Depart-
ment of Energy (DOE), the U.S. Environmental Protection Agency (EPA), and the State of
Colorado Department of Health (CDH) dated January 22, 1991 (U.S. DOE, 1991a). The IAG
program developed by DOE, EPA, and CDH addresses RCRA and CERCLA issues. Although the
IAG requires general compliance with both RCRA and CERCLA, RCRA regulations apply to

remedial investigations at QU4.

As required by the IAG, this Phase I Work Plan addresses characterization of source materials and
soils at OU4. A subsequent Phase II RFI/RI will investigate the nature and extent of surface water,
ground water, and air contamination and evaluate potential contaminant migration pathways. This
Phase I Work Plan addresses characterization of source materials and soil, including (1) surficial
soils, (2) unconsolidated materials, and (3) the Interceptor Trench (french drain) System. Pond liner

materials will be characterized for their effectiveness as a barrier for contaminant migration.

The initial step in development of the QU4 Work Plan was a review of existing information.
Available historical and background data were collected through a literature search and a review of
the Rocky Flats Environmental Database System (RFEDS). This information was used in character-
izing the physical setting and contamination at OU4 and in developing a conceptual model of the

site.

Based on this characterization of OU4, data quality objectives (DQOs) have been developed for the
Phase I RFI/RI. DQOs are qualitative and quantitative statements that describe the quality and
quantity of data required by the RFI/RI. Through application of the DQO process, site-specific

RFI/RI goals are established and data needs are identified for achieving these goals.

In accordance with the IAG, the goals identified for the Phase I RFI/RI for OU4 include character-
ization of the physical features of the sources at the site and definition of the contaminant sources
within OU4.
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Within these two broad goals, site-specific objectives and data needs have been identified for the
Phase I RFI/RI for OU4. The Field Sampling Plan (FSP) presented in this Work Plan is designed
to generate the data needed to meet the site-specific objectives. Based on the amount and reliability
of existing information, the sampling/analysis activities specified in the FSP for each area of
concern within OU4 require a combination of some or all of the following: screening activities,
surficial soil sampling, unconsolidated materials sampling, and monitoring well installation. Site-

specific sampling activities are briefly summarized below.

Field sampling activities proposed for OU4 are phased and include nonintrusive surface surveys,
vadose zone monitoring, and geophysical investigations followed by intrusive borehole construction
and sample collection for laboratory analysis. The results of each phase of the program will be used
to assess proposed approaches and to redirect investigations, if necessary, to effectively and
economically achieve the program objectives. The FSP was developed by location within the Solar
Ponds area, to allow flexibility and coordination between this Phase I RFI/RI investigation and the

pond liquid and sludge removal activities.

The field sampling plan includes a site-wide surface-radiation survey, a vadose zone monitoring
program and a surficial soil sampling and analysis program. Results from these investigations will
provide the basis for assessing dispersion of contaminants from the ponds in the form of aerosols,
ground water seeps to the surface, or other mechanisms. Geophysical investigations include ground
penetrating radar to delineate the Original Pond and locate subsurface piping or other features.
Methods to investigate unconsolidated materials include borehole construction, sample collection

and analysis, and downhole geophysics.

Limited studies are also proposed to evaluate the hydrologic characteristics of the ITS, including
piezometer installation and possibly tracer studies. Borehole construction and unconsolidated
material sampling are also proposed at the ITS and in outlying locations within the Solar Ponds

area.

Data collected during the Phase I OU4 RFI/RI will be incorporated into the existing RFEDS data
base. These data will be used to (1) better define site characteristics and source characteristics, (2)
to support the baseline risk assessment, and (3) evaluate potential remedial alternatives. An RFI/RI
report will be prepared to summarize the data obtained during the Phase I program. This report will

also include the Phase I Human Health Risk Assessment and Environmental Evaluation.

RFPawb.r ES-2 11720191



1.0 INTRODUCTION

This document presents the Work Plan for the Phase I Resource Conservation and Recovery Act
(RCRA) Facility Investigation (RFI)/Remedial Investigation (RI) for Operable Unit No. 4 (OU4)
at the Rocky Flats Plant (RFP) in Jefferson County, Colorado.

This investigation is part of a comprehensive, phased program of site characterization, remedial
investigations, feasibility studies, and remedial/corrective actions currently in progress at RFP.
These investigations are pursuant to an Interagency Agreement (IAG) among the U.S. Department
of Energy (DOE), the U.S. Environmental Protection Agency (EPA), and the State of Colorado
Department of Health (CDH) dated January 22, 1991 (U.S. DOE, 1991a). The IAG program
developed by DOE, EPA, and CDH addresses RCRA and Comprehensive Environmental Response,
Compensation and Liability Act (CERCLA) issues. Although the IAG requires general compliance
with both RCRA and CERCLA, RCRA regulations apply to remedial investigations at OU4. In
accordance with the IAG, the CERCLA terms "Remedial Investigation" and "Feasibility Study" as
used in this document are considered equivalent to the RCRA terms "RCRA Facility Investigation"
and "Corrective Measures Study" (CMS), respectively. Also in accordance with the IAG, the term
"Individual Hazardous Substance Site" (IHSS) is equivalent to the term "Solid Waste Management
Unit" (SWMU).

As required by the IAG, this Phase I Work Plan addresses characterization of source materials and
soils at OU4. A subsequent Phase II RFI/RI will investigate the nature and extent of surface water,
ground water, and air contamination and evaluate potential contaminant migration pathways. This
Phase I work plan addresses characterization of source materials and soil, including (1) surficial
soils, (2) vadose zone materials, and (3) the Interceptor Trench (French Drain) System. Pond liner

materials will be characterized for their effectiveness as a barrier for contaminant migration.

In this Work Plan, the existing information is summarized to characterize OU4, data gaps are
identified, data quality objectives (DQOs) are established, and a Field Sampling Plan (FSP) is

presented to characterize site physical features and define contaminant sources.

The Phase I RFI/RI will be conducted in accordance with the Interim Final RCRA Facility Investiga-
tion (RFI) Guidance (U.S. EPA, 1989a) and Guidance for Conducting Remedial Investigations and
Feasibility Studies Under CERCLA (U.S. EPA, 1988a). Existing data and the data generated by
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the Phase I RFI/RI will be used to begin developing and screening remedial alternatives and to

estimate the risks to human health and the environment posed by sources within OU4.

1.1 ENVIRONMENTAL RESTORATION PROGRAM

The Environmental Restoration (ER) Program, designed for investigation and cleanup of environ-

mentally contaminated sites at DOE facilities, is being implemented in five phases. Phase 1
(Installation Assessment) includes preliminary assessments and site inspections to assess potential
environmental concemns. Phase 2 (Remedial Investigations) includes planning and implementation
of sampling programs to delineate the magnitude and extent of contamination at specific sites and
evaluate potential contaminant migration pathways. Phase 3 (Feasibility Studies) includes evaluation
of remedial alternatives and development of remedial action plans to mitigate environmental
problems identified in Phase 2 as needing correction. Phase 4 (Remedial Design/Remedial Action)
includes design and implementation of site-specific remedial actions selected on the basis of Phase
3 feasibility studies. Phase 5 (Compliance and Verification) includes monitoring and performance
assessments of remedial actions as well as verification and documentation of the adequacy of
remedial actions carried out under Phase 4. Phase 1 has been completed at the Rocky Flats Plant
(U.S. DOE, 1986b), and Phase 2 is currently in progress for OU4.

1.2 WORK PLAN OVERVIEW

This Work Plan presents an evaluation and summary of previous data and investigations, defines

data quality objectives and data needs based on that evaluation, specifies Phase I RFI/RI tasks, and
presents the FSP for the Phase I RFI/RIL

Section 2.0 (Site Characterization) presents a comprehensive review and analysis of available
historical information, previous site investigations, recently published reports, available data, and
past and present activities pertinent to OU4. Included in Section 2.0 are characterization results for
site geology and hydrology as well as the known nature of contamination in soils, ground water, and
surface water. Additionally, Section 2.0 presents a conceptual model for contaminant migration and
exposure based on site physical characteristics and available information regarding the nature and
extent of contamination. Section 3.0 presents potential sitewide Applicable or Relevant and
Appropriate Requirements (ARARS), as required by the IAG, and a discussion of their application
to the RFI/RI activities at OU4. Section 4.0 discusses the DQOs and work plan rationale for the
Phase I RFI/RI. Section 5.0 specifies tasks to be performed for the Phase I RFI/RI. The schedule

for performance of Phase I RFI/RI activities is presented in Section 6.0. Section 7.0 presents the
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FSP to meet the objectives presented in Section 4.0. The Baseline Human Health Risk Assessment
Plan is discussed in Section 8.0, and the Environmental Evaluation Work Plan (EEWP) is discussed
in Section 9.0. The site-specific Quality Assurance Addendum (QAA) for OU4 is discussed in
Section 10.0. Section 11.0 presents the Standard Operating Procedures (SOPs) and Procedure
Change Notices (PCNs) for performing the field work.

The appendices contain available supporting information and data used to characterize the physical
setting and contamination at OU4. Supporting information includes facility engineering drawings
obtained from EG&G Rocky Flats, Inc. (EG&G). Supporting analytical information was obtained
from existing reports and the EG&G Rocky Flats Environmental Database System (RFEDs). These
data are in the process of being validated in accordance with EG&G Environmental Management
(EM) Program Quality Assurance (QA) procedures. As of early 1991, only a small fraction of the
data has been validated; these data are identified in the appendices by a qualifier adjacent to each
datum. The qualifier "V" means the datum is valid, "A" means the datum is acceptable with
qualifications (breach of QA), and "R" means the datum is rejected. Data were rejected because (1)
sampling/analytical protocol did not conform to significant aspects of the QA/QC Plan (Rockwell
International, 1989a) or (2) there is insufficient documentation to demonstrate conformance with
these procedures. These data, at best, can be considered only qualitative measures of the analyte
concentrations. The appendices also contain data from pond sludge and liquid sampling performed

by Weston and summarized by Dames & Moore. These data are of significantly improved quality.

1.3 REGIONAL AND PLANT SITE BACKGROUND INFORMATION
The following subsections provide general information on RFP and the surrounding region,
including RFP history, regional land use and population data, and site conditions. Site-specific

conditions at OU4 are addressed in Section 2.0.

1.3.1 Facility Background and Plant Operations
RFP is a government-owned, contractor-operated facility, which is part of the nationwide Nuclear

Weapons Complex. The plant was operated for the U.S. Atomic Energy Commission (AEC) from
its inception in 1951 until the AEC was dissolved in January 1975. At that time, responsibility for
the plant was assigned to the Energy Research and Development Administration (ERDA), which was
succeeded by DOE in 1977. Dow Chemical U.S.A., an operating unit of the Dow Chemical
Company, was the prime operating contractor of the facility from 1951 until June 30, 1975.

Rockwell International was the prime contractor responsible for operating the Rocky Flats Plant
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from July 1, 1975, until December 31, 1989. EG&G Rocky Flats, Inc. became the prime contractor
at RFP on January 1, 1990.

Operations at RFP consist of fabrication of nuclear weapons components from plutonium, uranium,
and other nonradioactive metals (principally beryllium and stainless steel). Parts made at the plant
are shipped elsewhere for assembly. In addition, the plant reprocesses components after they are
removed from obsolete weapons for recovery of plutonium. Other activities at RFP include research
and development in metallurgy, machining, nondestructive testing, coatings, remote engineering,
chemistry, and physics. Both radioactive and nonradioactive wastes are generated in the production
process. Current waste handling practices involve on-site and off-site recycling of hazardous
materials, on-site storage of hazardous and radioactive mixed wastes, and off-site disposal of solid
radioactive materials at another DOE facility. However, RFP operating procedures historically
included both on-site storage and disposal of hazardous, radioactive, and radioactive mixed wastes.
Preliminary assessments under the EM Program identified some of the past on-site storage and

disposal locations as potential sources of environmental contamination.

1.3.2 Previous Investigations
Various site-wide studies have been conducted at RFP to characterize environmental media and to

assess the extent of radiological and chemical contaminant releases to the environment. The
investigations performed prior to 1986 were summarized by Rockwell International (1986a) and
include the following:

1. Detailed description of the regional geology (Malde, 1955; Spencer, 1961; Scott, 1960,

1963, 1970, 1972, and 1975; Van Horn, 1972 and 1976; Dames and Moore, 1981; and
Robson et al., 1981a and 1981b)

2. Several drilling programs beginning in 1960 that resulted in construction of approximately
60 monitoring wells by 1982

3. Aninvestigation of surface water and ground water flow systems by the U.S. Geological
Survey (Hurr, 1976)

4. Environmental, ecological, and public health studies that culminated in an Environmental
Impact Statement (U.S. DOE, 1980)

5. A summary report on ground water hydrology using data from 1960 to 1985 (Hydro-
Search, Inc., 1985)

6. A preliminary electromagnetic survey of the plant perimeter (Hydro-Search, Inc, 1986)
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7. A soil-gas survey of the plant perimeter and buffer zone (Tracer Research, Inc., 1986)

8. Routine environmental monitoring programs addressing air, surface water, ground water,
and soils (Rockwell International, 1975 through 1985, and 1986b)

In 1986, two major investigations were completed at the plant. The first was the DOE Comprehen-
sive Environmental Assessment and Response Program (CEARP) Phase 1 Installation Assessment
(U.S. DOE, 1986b), which included analyses and identification of current operational activities,
active and inactive waste sites, current and past waste management practices, and potential environ-
mental pathways through which contaminants could be transported. CEARP was later succeeded
by the ER Program. A number of sites that could potentially have adverse impacts on the environ-
ment were identified. These sites were designated as solid waste management units (SWMUs) by
Rockwell International (1987a). In accordance with the IAG, SWMUs are now designated as IHSSs,
which were divided into three categories:

1. Hazardous substance sites that will continue to operate and need a RCRA operating
permit

2. Hazardous substance sites that will be closed under RCRA interim status

3. Inactive substance sites that will be investigated and cleaned up under Section 3004(u)
of RCRA or CERCLA

The second major investigation completed at the plant in 1986 involved a hydrogeologic and
hydrochemical characterization of the plant site. Plans for this study were presented by Rockwell
International (1986¢ and 1986d), and study results were reported by Rockwell International (1986e).
Investigation results identified areas considered to be significant contributors to environmental

contamination.

1.3.3 Physical Setting
1.3.3.1 Location

RFP is located in northern Jefferson County, Colorado, approximately 16 miles northwest of Denver
(Figure 1-1). Other surrounding cities include Boulder, Westminster, and Arvada, all of which are
lIocated less than 10 miles to the northwest, east, and southeast, respectively. The plant consists of
approximately 6,550 acres of federal land in Sections 1 through 4 and 9 through 15 of T2S, R70W,
6th Principal Meridian. In general, plant buildings are located within a protected central area site

of approximately 400 acres, and surrounded by a buffer zone of approximately 6,150 acres.
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RFP is bounded on the north by State Highway 128, on the east by Jefferson County Highway 17,
(also known as Indiana Street), on the south by agricultural and industrial properties and Highway
72, and on the west by State Highway 93 (Figure 1-1).

1.3.3.2 Topography
RFP is located along the eastern edge of the southern Rocky Mountain region immediately east of

the Colorado Front Range. The plant site is located on a broad, eastward-sloping pediment that is
capped by alluvial deposits of Quaternary age (Rocky Flats Alluvium). The pediment surface has
a fan-like form, with its apex and distal margins approximately 2 miles east of RFP. The tops of
alluvial-covered pediments are nearly flat but slope gently eastward at 50 to 100 feet per mile
(EG&G, 1991a). At RFP, the pediment surface is dissected by a series of east-northeast trending
stream-cut valleys. The valleys containing Rock Creek, North and South Walnut Creeks, and
Woman Creek lie 200 to 250 feet below the level of the older pediment surface. These valleys are
incised into the bedrock underlying alluvial deposits, but most bedrock is concealed beneath
colluvial material accumulated along the gentle valley slopes. The combined effects of stream-cut
topographic relief and the shallow dip of the bedrock units beneath RFP suggest a potentially

shallow depth to the Laramie formation in the valley bottoms.

1.3.3.3 Meteorology
The area surrounding RFP has a semiarid climate characteristic of much of the central Rocky

Mountain region. Based on precipitation averages recorded between 1953 and 1976, the mean
annual precipitation at the plant is 15 inches. Approximately 40 percent of the precipitation falls
during the spring season, much of it as wet snow. Thunderstorms (June to August) account for an
additional 30 percent of the annual precipitation. Autumn and winter are drier seasons, accounting
for 19 and 11 percent of the annual precipitation, respectively. Snowfall averages 85 inches per
year, falling from October through May (U.S. DOE, 1980).

Winds at RFP, although variable, are predominantly from the west-northwest. Stronger winds occur
during the winter, and due to its location near the Front Range the area occasionally experiences
Chinook winds with gusts up to 100 miles per hour. The canyons along the Front Range tend to
channel the air flow during both up-slope and downslope conditions, especially when there is strong
atmospheric stability (U.S. DOE, 1980).
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Rocky Flats meteorology is strongly influenced by the diurnal cycle of mountain and valley breezes.
Two dominant flow patterns exist, one during daytime conditions and one at night. During daytime
hours, as the earth heats, air tends to flow toward the higher elevations (up-slope). During up-slope
conditions air flow generally moves up the South Platte River Valley and then enters the canyons
into the Front Range. After sunset, the air against the mountain side is cooled and begins to flow
toward the lower elevations (downslope). During downslope conditions, air flows down the canyons
of the Front Range onto the plains (e.g., Hodgin, 1983 and 1984; and U.S. DOE, 1986b).

Temperatures at RFP are moderate. Extremely warm or cold weather is usually of short duration.
On average, daily summer temperatures range from 55 to 85 degrees Fahrenheit (°F), and winter
temperatures range from 20 to 45°F. Temperature extremes recorded at the plant range from 102°F
on July 12, 1971, to -26°F on January 12, 1963. The 24-year daily average maximum temperature
for the period 1952 to 1976 is 76°F, the daily minimum is 22°F, and the average mean is 50°F.
Average relative humidity is 46 percent (U.S. DOE, 1980).

Review of historical climatological data for RFP has indicated that some of the data are invalid
under current quality standards. 1989 and 1990 RFP monthly and annual environmental monitoring
reports prepared by EG&G contain climatological data that have been validated under current quality

assurance protocol.

1.3.3.4 Surface Water Hydrology
Three intermittent streams that flow generally from west to east drain the RFP area. These

drainages are Rock Creek, Walnut Creek, and Woman Creek (Figure 1-2).

Rock Creek drains the northwestern corner of the buffer zone and flows northeastward through the
buffer zone to its off-site confluence with Coal Creek. Rock Creek is peripheral to the RFP facility,
and is not known to have been impacted by RFP activities. North and South Walnut Creeks and
an unnamed tributary drain the northern portion of the plant complex. These three forks of Walnut
Creek join in the buffer zone and flow to Great Western Reservoir approximately 1 mile east of the
confluence. Flow is diverted around Great Western Reservoir into Big Dry Creek via the Broom-
field Diversion Ditch. Rock Creek, North and South Walnut Creeks, and the unnamed tributary are
intermittent streams. Flow occurs in these streams only after precipitation events and spring
snowmelt. An east-west trending interfluve separates Walnut Creek from Woman Creek. Woman

Creek drains the southern Rocky Flats buffer zone and flows eastward into Mower Reservoir.
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The South Interceptor Ditch is located between the plant and Woman Creek. The South Interceptor
Ditch collects runoff from the southern portion of the plant complex and diverts it to pond C-2,
where it is monitored in accordance with RFP National Pollutant Discharge Elimination System
(NPDES) permit.

1.3.3.5 Ecology

A variety of vegetation is found within the buffer zone surrounding RFP. Included are species of
flora representative of tall-grass prairie, short-grass plains, lower montane, and foothill ravine
regions. Riparian vegetation exists along the site’s drainages and wetlands. None of these
vegetative species present at RFP have been reported to be on the endangered species list (EG&G,
1991m). Since acquisition of RFP property, vegetative recovery has occurred, as evidenced by the
presence of disturbance-sensitive grass species such as big bluestem (Andropogon gerardii) and side
oats grama (Bouteloua curtipendula) (U.S. DOE, 1980).

The fauna inhabiting the RFP and its buffer zone consists of species associated with western prairie
regions. The most common large mammal is the mule deer (Odocoileus hemionus), with an
estimated 100 to 125 permanent residents. There are a number of small camivores, such as the
coyote (Canis latrans), red fox (Vulpes fulva), striped skunk (Mephitis mephitis), and long-tailed
weasel (Mustela frenata). Small herbivores can be found throughout the plant complex and buffer
zone, including species such as the pocket gopher (Thomomys talpoides), cottontail (Sylvilagus sp.),
white-tailed jackrabbit (Lepus townsendii), and the meadow vole (Microtus pennsylvanicus) (U.S.
DOE, 1980).

Commonly observed birds include western meadowlarks (Sturnella neglecta), homed larks (Eremo-
phila alpestris), mouming doves (Zenaidura macroura), and vesper sparrows (Pooecetes gramineus),
western kingbirds (Tyrannus vociferans), black-billed magpies (Pica pica), American robins (Turdus
migratorius), and yellow warblers (Dendroica magnolia). Killdeer (Charadrius vociferus), and red-
winged black birds (Agelaius phoeniceus) are seen in areas adjacent to ponds. Mallards (Anas
platyrhynochos) and other ducks (Anas sp.) frequently nest and rear young on several of the ponds.
Common birds of prey in the area include marsh hawks (Circus cyaneus), red-tailed hawks (Buteo
Jjamaicensis), ferruginous hawks (Buteo regalis), rough-legged hawks (Buteo lagopus), and great
hormed owls (Bubo virginianus) (U.S. DOE, 1980).
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Bull snakes (Pituophis melanoleucus) and rattlesnakes (Crotalus sp.) are the most frequently
observed reptiles. Eastern yellow-bellied racers (Coluber constrictor flaviventris) have also been
seen. The eastern short-horned lizard (Phrynosoma douglassi brevirostre) has been reported on the
site, but these and other lizards are not commonly observed. The western painted turtle (Chrysemys
picta) and the western plains garter snake (Thamnophis radix) are found in and around many of the
ponds (U.S. DOE, 1980).

Two procedures which concern identification and management of threatened and endangered species
at RFP currently are being prepared by the EG&G National Environmental Policy Act (NEPA)
Group. These are the draft "Identification and Reporting of Threatened and Endangered and Special
Concemn Species," administrative procedure NEPA.12, Rev. 0, and the draft "Protection of Threat-

ened and Endangered and Special Concern Species," operations procedure FO.21, Rev. 0.

1.3.3.6 Surrounding I.and Use and Population Density

The populatdion, economics, and land use of areas surrounding RFP are described in a 1989 Rocky
Flats vicinity demographics report prepared by DOE (U.S. DOE, 1990b). This report divides
general use of areas within 0 to 10 miles of RFP into residential, commercial, industrial, parks and
open spaces, agricultural and vacant, and institutional classifications, and also considers current and
future land use near RFP.

The majority of residential use within 5 miles of RFP is located immediately northeast, east, and
southeast of the plant. The 1989 population distribution within areas up to 5 miles from RFP is
illustrated in Figure 1-3. Commercial development is concentrated near residential developments
north and southwest of Standley Lake as well as around Jefferson County Airport, approximately
3 miles northeast of RFP. Industrial land use within S miles of the plant is limited to quarrying and
mining operations. Open space lands are located northeast of RFP near the City of Broomfield and
in small parcels adjoining major drainages and small neighborhood parks in the cities of Westmin-
ster and Arvada. Standley Lake is surrounded by Standley Lake Park. Irrigated and non-irrigated
croplands, producing primarily wheat and barley, are located northeast of RFP near the cities of
Broomfield, Lafayette, and Louisville; north of RFP near Louisville and Boulder; and in scattered
parcels adjacent to the eastern boundary of the plant. Several horse operations and small hay fields
are located south of RFP. The demographic report characterizes much of the vacant land adjacent
to RFP as rangeland (U.S. DOE, 1990b).
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Future land use in the vicinity of RFP most likely involves continued urban expansion, increasing
the density of residential, commercial, and perhaps industrial land use in the areas. The expected
trend in population growth in the vicinity of RFP is also addressed in the DOE demographic study
(U.S. DOE, 1990b). The report considers expected variations in population density by comparing
the current (1989) setting to population projections for the years 2000 and 2010. A 21-year profile
of projected population growth in the vicinity of RFP can thus be examined. DOE’s projections are
based primarily on long-term population projections developed by the Denver Regional Council of
Governments (DRCOG). Expected population density and distribution around RFP for the years
2000 and 2010 are shown in Figures 1-4 and 1-5, respectively.

1.3.3.7 Regional Geology
RFP is located on a broad, eastward-sloping pediment surface along the western edge of the Denver

Basin (Figure 1-6). The area is underlain by more than 10,000 feet of Pennsylvanian to Upper
Cretaceous sedimentary rocks that have been locally folded and faulted. Along the foothills west
of RFP, sedimentary strata are steeply east-dipping to overturned. In the western buffer zone, Upper
Cretaceous sandstones of the Laramie formation make up an east-dipping (45° to 55°) hogback that
strikes approximately north-northwest (Scott, 1960). Immediately west of the plant, steeply dipping
sedimentary strata abruptly flatten to less than 2 degrees under and east of RFP (EG&G, 1991a).
The sedimentary bedrock is unconformably overlain by Quaternary alluvial gravels that cap
pediment surfaces of several distinct ages (Scott, 1965). See Figure 1-6.

Figure 1-7 shows the local stratigraphic section for the Rocky Flats area. Upper Cretaceous bedrock
units directly underlying RFP and pertinent to plant site hydrogeology include, in descending
stratigraphic order, the Arapahoe formation, the Laramie formation, and the Fox Hills Sandstone.
These bedrock units and the overlying surficial Quaternary Deposits units at RFP are described

below.

Quaternary Deposits

The Quaternary Deposits in the RFP area (Figure 1-6) have been categorized into three types of
pediment cover and four types of valley fill . The Rocky Flats, Verdos, and Slocum Alluviums
represent pediment covers. The valley fill alluviums include the Louviers and the Broadway
Alluviums. Additional recent alluvial valley fill deposits include the Piney Creek and Post Piney
Creek Alluviums. These alluvial units have been correlated along the Front Range by their

stratigraphic height above modern stream drainages (EG&G, 1991i).
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The Rocky Flats Alluvium is the oldest alluvial deposit in the RFP area and consists of poorly
sorted, angular to rounded, coarse gravels, sands, and gravelly clay. Caliche amounts vary from
trace to abundant. The alluvium occurs about 250 to 380 feet above modern stream drainages
(EG&G, 1991i). Dominant lithologies include Precambrian quartzite, schist, and gneiss deposited
by Coal Creek. Thickness at the type locality just south of the RFP is 50 feet, and ranges between
10 and 90 feet (Machette, 1976).

The Verdos Alluvium consists of a sandy, cobbly to bouldery gravel, deposited by Ralston Creek
(Machette, 1976). The thickness ranges from 15 to 35 feet, and it occurs at 200 to 250 feet above
modern streams. The Slocum Alluvium is composed of well-stratified, clayey, coarse gravel and
coarse sand and its thickness ranges between 10 and 90 feet. It occurs at 80 to 120 feet above
modermn streams (EG&G, 1991i).

The Louviers and the Broadway Alluviums are composed of coarse sand and cobbley gravel and
range between 10 and 25 feet in thickness. The Louviers Alluvium forms well-developed terraces
40 to 80 feet above modern streams. The Broadway Alluvium forms terraces between 25 and 45

feet above modern streams and occurs in channels cut into the Louviers Alluvium (EG&G, 1991i).

The Pre-Piney Creek, the Piney Creek, and Post Piney Creek Alluviums represent the most recent
deposits. The Pre-Piney Creek consist of silt and sand with pebbles lenses, the Piney Creek consists
of clay, silt, sand, with some pebble beds, and the Post-Piney Creek consists of poorly consolidated,
humic, fine-to medium-grained sandstone interbedded with a magnetite-rich sandstone (EG&G,
1991i).

Upper Cretaceous Deposits

Depositional environments east of the Front Range in the Late Cretaceous period were influenced
by the Laramide Orogeny which resulted in the uplift of the Colorado Front Range Mountains. The
uplift caused a regression of the Cretaceous Sea from the west to the east, resulting in a lateral
progradation of Pierre Prodelta shales and siltstones, the Fox Hills delta front sandstones, the
Laramie delta plain sandstones, claystones, and coals, and Arapahoe fluvial conglomerates,

sandstones and claystones (Weimer, 1976).

The above-mentioned formations are relatively distinct, from a regional perspective, reflecting

increasingly higher gradients of deposition with correspondingly higher energy facies. However,
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lateral and vertical variations in the depositional history of the Arapahoe Formation have been
observed as a function of localized tectonic surges, creating the accumulation of higher energy,
braided stream facies south of RFP in the Golden area, whereas lower energy, meandering stream
facies occur in the RFP area. The Draft Final Geologic Characterization Report contains one
interpretation of the sequence of deposition for the Laramie and Arapahoe formations. However,
it presents two different interpretations for the depositional nature of the uppermost Arapahoe
sandstones. The interpretations vary in the relative depositional gradient for the Arapahoe in the
RFP area. The first interpretation assumes a single continuous meandering channel system, while

the second interpretation assumes a system with multiple channels.

The gradational, transitional nature of the Laramie and Arapahoe formations makes the exact
definition of the contact between the two formations difficult. A regional surface mapping project
of the RFP area was conducted during 1991 as part of the site-wide Phase II Geologic Characteriza-
tion efforts. Field criteria for the definition of Arapahoe sandstones included frosted, well-rounded,
coarser quartz grains. However, in the subsurface, these characteristics have been observed in lower
Arapahoe Formation sandstones, which were mapped as Laramie Formation during the field mapping

effort. Site-wide geologic characterization investigations are continuing to resolve this issue
(EG&G, 1991e).

The Arapahoe Formation is the uppermost bedrock unit underlying RFP and consists primarily as
claystones and silty claystones in the RFP area. The Arapahoe Formation is approximately 150 feet
thick in the center of RFP. At least five mappable sandstones have been identified within the
formation. The Arapahoe Sandstone No. 1 outcrops occasionally and subcrops extensively in the
RFP area. Its thickness varies between 0 and 27 feet. Its aerial extent has been mapped according
to the two depositional interpretations discussed above and presented in the Draft Final Geologic
Characterization Report (EG&G, 1991i).

The Arapahoe sandstones are very fine to medium grained, with some occasional conglomeratic
lenses occurring. Weathered sandstones are pale orange, yellowish-gray, and dark yellowish-orange.
Unweathered sandstones are light gray to olive-gray. The sandstones are typically interlayered with
clay lenses and are lenticular in geometry. The dominant claystones and silty claystones are light
to medium olive-gray and appear dark yellowish orange where weathered. Iron-oxide staining is
common in the upper 20 feet of the sandstones (EG&G, 1991i).
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The Laramie Formation consists of an upper claystone interval and a lower sandstone and coal
interval and is approximately 800 feet thick. The upper Laramie Formation consists of silty
claystones and siltstones, and fine-grained lenticular fluvial sandstones. The silty claystones are
light olive gray to olive black, massive, occasionally sandy, and contain carbonaceous material.
Siltstones are also carbonaceous, with iron oxide nodules and slickensides along fractures. The
lower Laramie Formation consists of thick (up to 50 feet) sandstones and coal beds ranging from

2 to 8 feet thick. The sandstones are very fine to medium-grained.

The Fox Hills Formation averages 75 feet thick and consists of thick-bedded to massive, very fine
to medium-grained feldspathic sandstone which is grayish-orange to light gray in color. The

sandstones are interlayered with thin beds of siltstone and claystone (EG&G, 1991i).

1.3.3.8 Hydrogeology

The RFP is situated in a regional ground water recharge area. Ground water recharge occurs as
infiltration of precipitation, primarily where bedrock outcrops in the western portion of the RFP,
along the west limb of the monoclinal fold. Recharge also occurs as a result of seepage from
streams, ditches, and ponds, and into subcropping bedrock. Locally, there are areas of discharge
as well as recharge. Ground water discharges to streams and along slopes as seeps. Much of the
ground water within the uppermost hydrostratigraphic unit becomes surface water or evaporates as
it is discharged from the ground water system at seeps along slopes and in drainage valleys (EG&G,
1991i).

Unconfined ground water at the RFP occurs in the unconsolidated alluvial material. It includes the
Rocky Flats Alluvium which is present on broad topographic highs and the Valley Fill Alluvium,
present in modern stream drainages. Although the water depth is variable, it becomes shallower
from west to east as the alluvial material thins. In the stream drainages, seeps are common at the
base of the Rocky Flats Alluvium at the contact with the claystones of the Arapahoe and Laramie
Formations and where individual Arapahoe Formation sandstones crop out (EG&G, 1991i).

Generally, flow in unconfined ground water at RFP is to the east.

Generally, the ground water flows along the contact of the unconsolidated material and the Arapahoe
Formation claystones in a downgradient direction to the east. The claystones have a low hydraulic
conductivity, on the order of 1 x 107 centimeters per second (cm/s), effectively constraining much

of the flow within the water table aquifer to the alluvial material above the alluvial/bedrock
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unconformity. Ground water in the sandstone units of the Arapahoe Formation occurs under
confined conditions throughout most of the plant site. The exception to this is the occurrence of
ground water in the subcropping units beneath the alluvial material. In this situation, the ground
water exists under unconfined conditions. The Arapahoe No. 1 Sandstone subcrops frequently
throughout the RFP area and therefore acts as an unconfined aquifer for a substantial portion of its
occurrence. The lower sandstones of the Arapahoe Formation also subcrop at the unconformity, but
in limited areas along valley slopes. The confining layers for the sandstones are the claystones and
silty claystones of the Arapahoe Formation. The Arapahoe and the alluvial hydrostratigraphic units
at RFP have relatively low hydraulic conductivities and, therefore, are not generally believed to be
capable of producing economical amounts of water. The hydraulic conductivity of the Rocky Flats
Alluvium and the Arapahoe No. 1 Sandstone is approximately 6 x 10° cm/s, as set forth in the
Draft Final Ground water Protection and Monitoring Plan, June 13, 1991. The lower Arapahoe

sandstones have a hydraulic conductivity of approximately 10" cm/s.
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2.0 SITE CHARACTERIZATION

The Solar Evaporation Ponds (Solar Ponds) are located in the central portion of the RFP on the
northeast side of the Protected Area (PA). The Solar Ponds Waste Management Unit, which is
considered equivalent to Individual Hazardous Substance Site 101 (IHSS 101), consists of five
surface impoundments; Ponds 207-A, 207-B North, 207-B Center, 207-B South, and 207-C. IHSS
101 is within the OU4 boundary (Figure 2-1). The area under investigation in this Phase I work
plan includes the Solar Ponds and other areas and features which are considered pertinent to the
characterization of OU4. The major features in the Solar Ponds area include the Solar Ponds, the
Original Pond, the Interceptor Trench System (ITS) also known as the french drain system, and
areas in the immediate vicinity of the Solar Ponds (Figure 2-2). Aerial photographs of the Solar
Ponds area taken in June 1991 are included in Photographs 2-1 and 2-2.

2.1 REGULATORY HISTORY OF QU4 AND INTERIM RESPONSE ACTIONS
The Solar Ponds were first identified as a RCRA regulated unit in the summer of 1986. Shortly

thereafter, an interim status closure plan for the Solar Ponds was prepared in accordance with a
compliance agreement. A closure plan for the interim status closure of the Solar Evaporation Ponds
was required pursuant to Part 265 of the Colorado Hazardous Waste Regulations (6 CCR) and Title ’
40, Part 265 of the Code of Federal Regulations (40 CFR). This closure plan was revised in 1987
and again in 1988.

In late 1986, Phase I of a comprehensive program of site characterizations, remedial investigations,
feasibility studies and remedial/corrective actions began at RFP. These investigations were initiated
pursuant to the DOE Comprehensive Environmental Assessment and Response Program (CEARP)
and Compliance Agreement finalized by representatives of the DOE and the U.S. Environmental
Protection Agency (EPA) on July 31, 1986. CEARP is now known as the Environmental Restora-
tion (ER) Program. (EG&G Rocky Flats, 1991d).

On June 28, 1989, DOE and the State of Colorado entered into the Agreement in Principle (AIP).
This document stated that certain contaminated sites (e.g., the solar ponds) at RFP require special
and accelerated actions. The AIP specifies in part that DOE will expedite cleanup of the Solar

Ponds in order to stem the flow of harmful contaminants into the ground water and soil.
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On January 22, 1991, the DOE, EPA and the State of Colorado entered into a Federal Facility
Agreement and Consent Order, commonly known as the Rocky Flats Interagency Agreement (IAG).
The IAG establishes the work and schedule for the RCRA Facility Investigation/Remedial Investiga-
tion (RFI/RI) and Corrective Measures Study/Feasibility Study (CMS/FS) response process. OU4

is currently in the Phase I RFI/RI stage. Phase I requires the characterization of sources and soils.

In accordance with the IAG and to fulfill the intent of the AIP, OU4 (the Solar Ponds) is presently
in an Interim Measure/Interim Remedial Action (IM/IRA) process. The IM/IRA is being taken as
an enabling action to facilitate waste removal operations, cleanout of the ponds, and site closure.
Changes to the operation of the Solar Ponds are required to allow the dewatering of liquids and
removal of sludges from the ponds. The IM/IRA proposes an alternate means of storing water
collected by the Interceptor Trench System (ITS), and a means to treat these collected waters and

excess liquids currently contained in the Solar Ponds.

2.2 BACKGROUND AND PHYSICAL SETTING OF QU4

The Solar Ponds were constructed primarily to store and treat by evaporation low-level radioactive
process wastes containing high nitrates, and neutralized acidic wastes containing aluminum
hydroxide. During their use, these ponds are known to have received additional wastes such as
sanitary sewage sludge, lithium metal, sodium nitrate, ferric chloride, lithium chloride, sulfuric acid,
ammonium persulfates, hydrochloric acid, nitric acid, hexavalent chromium and cyanide solutions
(Rockwell International, 1988a). Solvents and other organics have not been routinely discharged
to the ponds. It was felt that organics would lead to algal growth which would diminish solar
evaporation. However, low concentrations of solvents may have been present as a minor constituent
in other aqueous wastes. The Original Pond was constructed in 1953 and used continuously until
1956, when its regular use was discontinued. Pond 207-A was placed in service in August 1956.
Ponds 207-B North, Center, and South were placed in service in June 1960. Pond 207-C was
constructed in 1970 to provide additional storage capacity and to allow the transfer and storage of
liquids from the other ponds in order to perform pond repair work. The use of individual ponds has
changed over time. Sludges from the Solar Ponds have been removed from time to time to
implement repair work on the pond liners and as part of routine waste management activities. As
the sludges were removed, they were mixed with Portland cement and solidified as a mixture of

sludge and concrete (pondcrete) for shipment to an off-site low-level radioactive waste disposal site.
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The routine placement of process waste material into the Solar Ponds ceased in 1986 because of
changes in RFP waste treatment operations. Presently, Pond 207-A is nearly dry containing a small
volume of intercepted seepage and ground water collected by the ITS. The 207-B ponds continue
to be used for storage and treatment of intercepted water collected by the ITS. Pond 207-C

continues to store and treat process waste.

Nitrite contamination of North Walnut Creek, located north of the Solar Ponds, was documented in
the early 1970s. In response to this contamination, a series of trenches and sumps were installed
north of the Solar Ponds during the period of 1971 to 1974. The trenches and sumps collected
seepage and ground water, and were in operation until the 1980s when they were replaced by a more
extensive french drain system (the ITS). The ITS is currently in use. Water collected by the ITS
flows by gravity to the Interceptor Trench Pump House (ITPH). From there the water is currently
pumped to Pond 207-B North. The current amount of intercepted seepage collected by the ITS is

estimated to be approximately 4 million gallons per year.

Specific details concerning the construction and use of each pond, the trenches and the ITS are
contained in subsequent sections. A summary of major events which have occurred at the Solar
Ponds is included in Figure 2-3. Additional construction drawings are contained in the 1988 Solar

Evaporation Ponds Closure Plan (Rockwell International, 1988a) and in Appendix A of this Work
Plan.

2.2.1 The Original Pond

The Original Pond consisted of a clay lined impoundment, constructed in December 1953, in the
vicinity of the existing Pond 207-C. Figure 2-2 shows the approximate location of the original and
existing ponds. Photograph 2-3, taken in September 1956, also shows the Original Pond in relation
to Pond 207-A. Photograph 2-3 is an easterly view from the west side of the Original Pond with
Pond 207-A in the background. The Original Pond consisted of two cells which measured approxi-
mately 100 by 200 feet and 200 by 200 feet. The Original Pond was operated with both cells until
1956, when its regular use was discontinued. Based upon aerial photographs, one of the two cells
may have contained liquids one or more times since 1963. Aerial photographs also indicate that the
location of the Original Pond was regraded in 1970, during the construction of Pond 207-C. Soil
from the area of the Original Pond may have been used in the construction of Pond 207-C.
Additional drawings obtained from EG&G Facility Engineering are included in Appendix A of this
Work Plan.
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2.2.2 Solar Evaporation Pond 207-A

Pond 207-A was placed in service in August 1956. The original construction consisted of asphalt
planking approximately 1/2-inch thick (Figure 2-4). Photograph 2-4, taken in May 1956, depicts
this installation. It is believed that Pond 207-A entered service shortly after construction.
Pond 207-A is approximately 250 feet by 525 feet at the crest. When operating at its maximum
allowable level, the ponds’ liquid covers an area of approximately 230 feet by 505 feet. This
corresponds to a surface area of approximately 116,200 square feet (about 3 acres). The maximum
operating depth is approximately 7% feet corresponding to a maximum waste volume of about
5,050,000 gallons (Rockwell International, 1988a).

Pond 207-A was redesigned in November 1963 (Figure 2-5). At this time, the asphalt planking was
replaced with an approximate four-inch thickness of asphaltic concrete. The slopes of both the pond
bottom and the pond sides were significantly modified. Based on these modifications, the bottom
slope of the pond drained to a sump at the northeast end of the pond, and the side slopes, which had
been 1:2, were changed to 1:3.7. Pond 207-A received process wastes until 1986, at which time
dewatering and sludge removal operations began. Sludge was removed, thickened, and mixed with
Portland cement to produce a material called pondcrete, which was then disposed off-site. As sludge
was being removed from Pond 207-A, the removal of water from the pond was also conducted by
natural and forced evaporation via evaporators located in Building 374. As a result of these efforts,
Pond 207-A was essentially empty of materials by the summer of 1988. The last few hundred
gallons of water were transferred to the 207-B ponds in order to allow the bottom to be inspected
and relining operations initiated. The side slopes of Pond 207-A were relined in the Fall of 1988
to repair cracks in the side slopes as a part of the closure operations. This relining consisted of a
minimum of 1/8-inch thick, rubberized, crack-sealing material, laid over the side slopes of the pond.
Relining was performed to minimize potential leakage from the pond in preparation for the transfer
of pumped-back ground water into the pond for evaporation. These activities were discussed with

the CDH and the EPA, and proceeded as per agreements made with those agencies.

In March 1990, pumped-back ground water contained in the 207-B ponds was transferred into Pond
207-A to prevent overtopping of the 207-B ponds. Presently, Pond 207-A contains only a small
volume of water and sludge which has ponded in the northeast comer of the pond. An aerial
photograph taken in June 1991, Photograph 2-5, shows a southerly view of Pond 207-A and the
207-B ponds.
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2.2.3 Solar Evaporation Ponds 207-B North, Center, and South

Ponds 207-B North, Center, and South were placed in service in June 1960. These ponds were also

originally lined with asphalt planking (Figure 2-6). Based upon available records, it appears that
the 207-B ponds were relined shortly after being placed into service. The asphalt planking was
covered with asphaltic concrete at 207-B South in November 1960, and at 207-B North and Center
in August 1961,

Ponds 207-B North, Center, and South are each approximately 180 feet by 253 feet at the crest.
When operating at their maximum allowable level, the ponds’ liquids cover areas of approximately
175 feet by 2435 feet. This corresponds to surface areas of approximately 42,900 square feet each
(about 1 acre). Ponds 207-B North and Center have maximum operating depths of approximately
6% feet with maximum waste volumes of approximately 1,550,000 gallons each. Pond 207-B South
has a maximum operating depth of approximately 5% feet corresponding to a maximum waste
volume of about 1,400,000 gallons (Rockwell International, 1988a).

Until 1977, the three 207-B ponds had held process waste. After preliminary work was performed
in 1976, the sludge from all of the 207-B ponds was removed in 1977. The liners of the 207-B
Center and South ponds were also removed and disposed of off-site, and new liners were installed
in these ponds. Pond 207-B South received a 45 mil thick synthetic Hypalon liner, and a leak
detection system was designed for placement between the Hypalon liner and the asphalt concrete
liner. The 207-B North pond contained almost no sludge and, therefore, did not have the liner
removed; however, the existing liner was repaired. These activities were performed as part of the
construction of the Reverse Osmosis (RO) facility and the related plant water recycle activities.
Since the 1977 cleanout, the 207-B ponds have not contained process waste (Rockwell International,
1988a). These ponds have held treated sanitary effluent, treated water from the RO facility,
backwash (brine) from the RO facility, and contaminated ground water pumped back to Pond 207-B
North from the ITS.

Presently, the 207-B ponds are approximately filled to one-quarter to one-half capacity. They
continue to receive, store and treat contaminated ground water pumped back from the ITS. An
aerial photograph taken in June 1991, Photograph 2-5, shows a southerly view of the 207-B ponds
and Pond 207-A.
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2.2.4 Solar Evaporation Pond 207-C

Pond 207-C was placed in service in December 1970. As illustrated in Figure 2-2, Pond 207-C was
constructed in the vicinity of the Original Pond. Pond 207-C has an asphaltic concrete liner system,
a leak detection system, and its bottom slopes to the northeast (Figure 2-7). It is believed that Pond
207-C has not been relined since construction.

Pond 207-C is approximately 160 feet by 250 feet at the crest. When operating at its maximum
allowable level, the ponds’ liquid covers an area of approximately 155 feet by 245 feet. This
corresponds to a surface area of approximately 38,000 square feet (about 0.9 acre). The pond has

a depth of approximately 7 feet with a maximum waste volume of about 1,150,000 gallons (Rockw-
ell International, 1988a).

Although Pond 207-C has not received process wastes since 1986, it continues to store and treat (by
evaporation) these wastes. Pond 207-C is presently filled to approximately one-half capacity. An
aerial photograph taken in June 1991, Photograph 2-6, shows a southerly view of Pond 207-A and
Pond 207-C.

2.2.5 Trenches and Sumps
Operational History of Trenches and Sumps

Nitrate contamination of North Walnut Creek, located to the north of the Solar Ponds, was docu-
mented in the early 1970s. In response to this contamination, a series of trenches and sumps were
installed north of the ponds during the period of 1971 to 1974. Trenches 1 and 2 were installed in
October 1971, Trench 3 in September 1972, Trenches 4 and 5 in April 1974, and Trench 6 in July
1974 (Figure 2-2). Trench S drained by gravity to Trench 4. Water from Trench 4 was pumped
to Trench 3, and Trench 3 returned the water to Pond 207-A. Water collected in Trenches 1 and
2 was pumped uphill into sumps, after which the water was returned to Ponds 207-B North and
207-A.

The locations of the sumps and trenches were established based upon evidence of nitrate-impacted
vegetation. The water present in these areas was sampled, and if the presence of nitrate contamina-
tion was confirmed, a trench was typically installed. These trenches and sumps intercepted natural
seepage and pond leakage that might otherwise have entered North Walnut Creek, and were
successful in reducing nitrate levels in North Walnut Creek (ASI, 1991).
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In addition to the trenches and sumps described above, an additional control structure was built to
transfer water to Pond 207-A. This structure consisted of a pump-well with a submersible pump
located in the area in which footing drain flows from Buildings 771 and 774 could be collected.
The purpose of the system was to better manage contaminated water. The footing drain flows both
surface in the general location of the small pond due east of the currently unused condensate tanks
that are north of Building 774. The pump would remove water from the area in which the footing
drains surface and pump the water to Pond 207-C. It is believed that this system was constructed
in approximately 1975. This structure is sometimes referred to as the West Collector (ASI, 1991).

The trenches and sumps were in operation until the early 1980s when they were replaced by a more
extensive french drain system (the ITS). The trenches and sumps that were not destroyed in

construction related to the PSZ were abandoned in-place by cutting their electrical power supply.

2.2.6 Interceptor Trench System
The Interceptor Trench System (ITS), also known as the French Drain System, was installed as a

part of the construction of the Perimeter Security Zone (PSZ) at the Rocky Flats Plant. This ground
water and seepage collection system was designed and constructed to minimize the seepage of
waters into North Walnut Creek. The depths of the french drains range from approximately 1 to
27 feet below the ground surface, with typical depths of 4 to 16 feet (Rockwell International,
1988a). The gravel-filled trenches of the french drains are approximately one foot wide, with
perforated pipe in the bottom to intercept and transport flow to the Interceptor Trench Pump House
(ITPH). A cross section through most of the ITS is similar to the cross section presented in

Figure 2-8 for the trenches.

A portion of the ITS was designed to collect surface runoff in addition to ground water and seepage.
French drains in this portion were filled with gravel to the ground surface rather than capped with
backfill. This portion of the system is present immediately north of the Solar Ponds and is
identified in Figure 2-2 as segment D-D’.

One portion of the ITS was extended to the west to collect flow from Buildings 771 and 774 footing
drains. The portion of the ITS collecting this flow is identified on Figure 2-2 as segment E-E’.

Ground water collected in the ITS flows by gravity to the ITPH. The liquid from the pump house

is then pumped to Pond 207-B North. The current amount of ground water and seepage collected
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by the ITS is estimated to be approximately 4 million gallons per year. The maximum amount of

water collected in any one week was 700,000 gallons in June 1987 (Rockwell International, 1988a).

2.3 PREVIOUS INVESTIGATIONS

A number of previous investigations have been conducted at site for the purpose of evaluating

physical characteristics, including surface water and ground water flow and quality. Previous

studies that were the primary sources of information for this Work Plan include:

ASI; Solar Ponds Interceptor Trench System Ground Water Management Study, Rocky Flats
Plant Site, Task 7 of the Zero-Off-site Water-Discharge Study; January 15, 1991

Dames & Moore; Summary of R.F. Weston’s Sampling and Analysis of Solar Pond Water
and Sludge Report; Rocky Flats Plant, Golden, Colorado; September 18, 1991

EG&G Rocky Flats, Inc.; Draft Final Geologic Characterization Report for RFP; July 1991

EG&G, Draft Well Abandonment and Replacement Program Work Plan for Rocky Flats
Plant; June 1991

EG&G Rocky Flats, Inc.; 1990 Annual RCRA Ground Water Monitoring Report for Regu-
lated Units at Rocky Flats Plant Volume I; March 1, 1991

EG&G Rocky Flats, Inc.; Final Background Geochemical Characterization Report: Rocky
Flats Plant for 1989; December 1990

1989 Soil Boring Program summarized in the EG&G RFEDs (database)

Hydro-Search, Inc.; Hydrogeologic Characterization of the Rocky Flats Plant, Golden,
Colorado; Project Number 1520; 55 p.; December 9, 1985

Rockwell International; Closure Plan: Solar Evaporation Ponds; U.S. Department of
Energy; Rocky Flats Plant, Golden, Colorado; Volumes I through IV; Unnumbered Report;
1988

Roy F. Weston, Inc.; Sampling and Analysis of Solar Pond Water and Sludge; EG&G
Rocky Flats, Inc.; Rocky Flats Plant, Golden, Colorado; July 19, 1991

U.S. DOE, Draft Phase I RFI/RI Work Plan for the Solar Evaporation Ponds (OU4); Rocky
Flats Plant, Golden, Colorado; June 1990.
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The following is a brief description of some of the investigations which have been conducted in and
around OU4. Some of the earlier investigations have not been referenced extensively in this Work

Plan and hence do not appear in the list above.

In 1970, Woodward-Clyde and Associates conducted an investigation of a potential landslide area
north of the Solar Ponds. Test holes were drilled to assist in the determination of subsoil and
ground water conditions and evaluate landslide risk. Ten test holes were drilled, and up to 6 feet
of fill was encountered, underlain by 5 to 21 feet of clay, clayey gravel and sand, and weathered
claystone. Also, free water was encountered in all test holes. The study concluded that the hillside
below the ponds is a high risk area for landsliding, particularly with the probable addition of
subsurface water flows from the ponds. In addition, it was recommended that a drainage system

to remove subsurface water be installed (Woodward-Clyde & Associates, 1970).

Engineering Science, Inc. (1975) conducted an investigation concerning the problem of nitrate salts
being transported from the Solar Ponds area into North Walnut Creek. Ten holes were drilled along
the north and east exterior of the Solar Ponds and 21 additional test holes were drilled down the
north slope of the ponds to determine the distribution of contaminated soil. These holes were
terminated in bedrock and samples were collected for laboratory analysis. Findings from this study
indicated that soils north and east of the Solar Ponds were contaminated with nitrate and that these
nitrates would continue to be leached from the contaminated soil and be transported to North Walnut

Creek (Engineering Science, 1975).

Another geotechnical investigation was conducted in 1984 by Geotechnical and Materials. Two
exploratory test borings were drilled southeast and east of Pond 207-C to describe the subsurface
conditions and recommend suitable types and depths of foundations for proposed new structures.
These borings terminated approximately 14 feet below the existing grade in overburden materials.
This study concluded that the proposed structures could be founded on spread footings, ring-wall,

or mat foundations bearing on the in situ soils (Geotechnical and Materials Consultants, 1984).

Hydro-Search, Inc. (1985) presented a site-wide hydrogeologic characterization of the RFP. This
report describes the hydrogeologic and ground water quality conditions based on existing data at
the time. The existing ground water monitoring system was described and evaluated, and recom-

mendations were made for a new monitoring program (Hydro-Search, 1985).

RFPawb.r 2-9 11120091



In 1986, R. L. Henry (Rockwell International) submitted a report summarizing trends observed in
the surface water monitoring at the RFP. The report discusses the surface water control system
(SWCS) completed in 1980, which is designed to divert flow around the RFP and collect surface
runoff and store it temporarily for monitoring before discharge. Nonradioactive and radioactive
trends in the surface water were also discussed (Henry, R.L., 1986).

In 1986, Chen and Associates prepared a closure plan for the Solar Ponds. The plan describes the
construction and operation procedures at the Solar Ponds including past use, size and volume of
impoundments, waste inventory, and treatment and disposal of wastes. This closure plan was
revised in 1987 and again in 1988 (Rockwell International, 1988a).

Twenty-one ground water monitoring wells were installed in 1986. These wells were installed to
characterize the hydrogeology in the Solar Ponds area and to evaluate if the Solar Ponds were an

imminent threat to the public or the environment.

Chen and Associates prepared a preliminary prioritization of sites at the RFP. The prioritization of
sites was based on review of previous investigations and historical aerial photographs. The Solar

Ponds were considered a priority site (U.S. DOE, 1986a).

In 1987, six monitor wells and 14 boreholes were drilled for characterization of the Solar Ponds
area. Results of this drilling program are presented in Volume II of the 1988 Closure Plan
(Rockwell International, 1988a).

In 1989, 32 monitoring wells were installed in the Solar Ponds area by Rockwell International.
During the drilling, soil samples were collected for chemical and/or radiological analysis. Water
levels and the results of ground water sample analysis from these wells are reported in 1989 Annual
RCRA Ground Water Monitoring Report for Regulated Units at Rocky Flats Plant (EG&G, 1990a).
Soil sample analytical results are in the RFEDs database and general conclusions of the results
discussed in this Work Plan. No report is available summarizing the 1989 soil sampling program
at the Solar Ponds.
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2.4 SITE GEOLOGY AND HYDROLOGY

2.4.1 Site Geology
Numerous investigations have focused on the geology of the RFP including extensive drilling in the

Solar Ponds area. The following discussion of site geology has taken into consideration the results
of the Solar Evaporation Ponds Closure Plan (Rockwell International, 1988a), the 1989 drilling
program performed by Weston, EG&G Rocky Flats Summary of Field Investigations and EG&G
Rocky Flats Draft Final Geologic Characterization Report (EG&G, 1991i).

Figure 2-9 shows the locations of monitoring wells and soil borings utilized in preparation of this
Work Plan. The locations of boreholes, data for which were also used, are shown in Figure 2-23,
Figure 2-9 also shows the locations for cross sections A through D presented in Figures 2-10, 2-11,
2-12, and 2-13. Cross sections A through D show the bedrock elevation and alluvial thickness.
Figure 2-14 illustrates the bedrock geology. Original borehole lithology and construction logs are
contained in Appendix B. Many of the logs were revised as a result of re-logging the cores, during
1989 and 1990. The revised borehole data have been summarized for all RFP areas in the Draft
Final Geologic Characterization Report (EG&G, 1991i). A separate spreadsheet containing only the
borehole data pertaining to the Solar Ponds area was developed as a subset of the spreadsheet
summary for all RFP data. This spreadsheet is also contained in Appendix B, and has been relied
upon for the development of the cross sections and bedrock map. Total depth of the 78 borings

ranges from 7 to 157 feet, and averages 34 feet.

Geologic interpretations presented in the maps and cross sections are based primarily on the
borehole spreadsheet data contained in Appendix B, which represent the most consistent and
accurate data available to work with. However, because the spreadsheet data account for only
sandstone lithologies below the surface of the bedrock, original logs were utilized to delineate non-
sandstone lithologies below the bedrock surface on the cross sections. Many of the original
borehole logs disagree with the spreadsheet data, as a result of the re-logging activities discussed
above. The cross sections show all unconsolidated materials grouped into a single unit referred to
as Rocky Flats Alluvium. This includes the Rocky Flats Alluvium, which is predominantly a gravel
and caps the erosional highs, as well as the Colluvium and Valley Fill which are predominantly
clays. These units are discussed separately below. The cross sections contain additional data
pertaining to well completion and water levels. The well completion data are summarized in Table
2.4 and the water level data are taken from the 1990 Annual RCRA Ground Water Monitoring
Report (EG&G, 19914d).
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The cross sections and the bedrock geology map show the presence of a partially developed
Arapahoe Sandstone channel system, grading from claystone boundaries to silty claystones,
siltstones, and sandstone lenses within the channel. The sandstones are best developed at the
bedrock surface underneath Pond 207-C and to the southeast of the 207-B ponds along South Walnut
Creek. The 1988 Closure Plan identified a sandstone lens at the southeast corner of Pond 207-A,
based on a sandstone described at the bedrock surface in borehole SP 04-87. Re-logging efforts
have since determined only the presence of claystone as is indicated in the borehole spreadsheet
data, and is shown on the Bedrock Geology Map. A smaller sandstone subcrops to the north of
Pond 207-A in North Walnut Creek. This sandstone was encountered with borehole SP 11-87,
East-west cross sections B-B’, C-C’, and D-D’ show the presence of lower sandstone units,
extensive silty claystones and siltstones at the south end of the area, and subcropping sandstones
becoming more dominant to the north. Bedrock becomes more shallow in the north end of the area.
Lower sandstone units in cross sections B-B’ and D-D’ were not encountered in any of the shallow
borings in C-C’, but are likely to be present. No attempt was made to correlate or project the
presence of the sandstones in the cross sections. Cross section A-A’ (looking west) suggests the
presence of a channel system. The more erosion resistant sandstones and silty claystones in this

area have formed an erosional high.

2.4.1.1 Surface Geology
The Solar Ponds are located on a Pre-Wisconsin pediment remnant, referred to as part of the Plant

Interfluve. The pediment is capped by the Rocky Flats Alluvium. Cross sections A through D
illustrate the bedrock elevation and the overlying unconsolidated materials. The pediment erosional
surface was cut by west-to-east flowing streams, which are believed to have had as much as 30 feet
of cross-section relief. Later erosion was possibly controlled by Pre-Wisconsin topography,
ultimately breaching the alluvial cover, exposing bedrock units and following the earlier defined

drainage systems.

The Quaternary deposits of the RFP area are described in Section 1.3.3.7. The Rocky Flats
Alluvium is the only Quaternary deposit underlying the Solar Ponds area. Other more recent
unconsolidated deposits have been identified at the Solar Ponds area and are discussed in detail
below (Rockwell International, 1988a). Most of the Solar Ponds area has been disturbed by
construction of the ponds and the ITS, as well as nearby buildings and other infrastructure. Rocky
Flats Alluvium often occurs below the limits of the disturbed ground, according to borehole logs.

All unconsolidated units have been grouped together as Rocky Flats Alluvium in the cross sections,
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for ease of illustration. Thickness of the entire unconsolidated interval ranges from 0 to 27 feet,

with an average of 10 feet.

Rocky Flats Alluvium

The Rocky Flats alluvium occurs on top of the erosional bedrock highs in the Solar Ponds area and
is generally poorly sorted containing a range of clay, silt, sand, and gravel deposits. Colors vary
from light brown to gray brown, dark yellowish-orange, grayish-orange, and dark gray. The
material is mildly calcareous and weakly cemented in areas. It also contains occasional boulders
and re-worked bedrock materials, which can cause problems in distinguishing the true bedrock

surface during drilling.

Colluvium

Colluvium occurs on the hill slopes northeast and southeast of the Solar Ponds descending to North
and South Walnut Creeks. It consists of unconsolidated clay with silty clay, sandy clay, and gravel
layers. Colors vary from dark yellowish-brown to light olive gray and light olive brown. Occasion-

al dark yellowish-orange iron staining is present. Occasional cobbles occur in the gravel layers.

Valley Fill Alluvium
Valley fill alluvium occurs in the drainages of North and South Walnut Creek and consist of
unconsolidated, poorly sorted sand, gravel, and pebbles in a silty clay matrix. Colors range from

olive gray to dark yellowish-orange to dark yellowish-brown.

Disturbed Ground
Disturbed ground overlies the Rocky Flats Alluvium in the ponds area, and the coliuvium on the
hill slopes in the ITS area. Disturbed ground consists of unconsolidated clay, silt, sand, gravel, and

pebbles. Colors range from olive to reddish brown to yellow gray and yellow orange.

Artificial Fill

Artificial fill occurs in close proximity of the ponds and contains materials that have obviously been
transferred from other locations. The fill consists of sandy clay and gravels. Materials are poorly
sorted with fragments of claystone and concrete rubble. Colors range from pale to dark yellowish-

brown.
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2.4.1.2 Bedrock Geology

The Cretaceous Arapahoe Formation unconformably underlies the unconsolidated deposits in the
Solar Ponds area. The Arapahoe Formation primarily consists of claystones and silty claystones.
A subcropping sandstone has been mapped in the vicinity of Pond 207-C and along South Walnut
Creek. A discussion of the depositional environment for the Arapahoe Formation may be found in
Section 1.3.3.7 Regional Geology, in the sub-section entitled Upper Cretaceous Deposits. Figure
2-14 shows the bedrock geology. Figures 2-10 through 2-13 show the cross sections A through D,
locations for which are shown in Figure 2-9.

The Bedrock Geology map shows three mappable units, one of which consists predominantly of
sandstones, another of which consists predominantly of silty claystones and siltstones, and the last
of which consists predominantly of claystones. The silty claystone unit is referred as such to
coincide with the borehole spreadsheet bedrock lithology data in Appendix B. This mappable unit
also includes all clayey siltstones and siltstones indicated below bedrock surface on original
lithology logs. Siltstones are also likely to exist at bedrock surface inbetween borehole locations,
interlayered with the silty claystones. All three mappable units are transitional and gradational and
are distinguished only for the purpose of developing a conceptual understanding of the predominant
bedrock lithologies. All delineations shown are subject to major revision, pending the results of the

field investigation.

Arapahoe Sandstones
Sandstones in the Arapahoe Formation are poorly to moderately sorted, subangular to subrounded,

clayey, silty, very fine-to medium-grained, with occasional occurrences of coarse-to conglomeratic.
Trough and planar cross stratification are common sedimentary structures (EG&G, 1991i). Sand-

stones are lenticular in geometry and are interlayered with thin lenses of clay and silt.

The subcropping sandstones dip approximately 1.5 degrees to the east and are generally weathered
within 30 to 40 feet of the base of the alluvium. The weathered section colors vary from pale
orange to yellowish-gray and dark yellowish-orange. Unweathered sandstones are light to olive

gray. Fractures have been noted in the weathered zone at depths of 5 feet to 14 feet.

A total of four sandstone intervals have been identified in the Arapahoe Formation in the Solar
Ponds area, although some uncertainty exists as to whether the lower sand intervals occur as

Arapahoe or Laramie sandstones. The Arapahoe Sandstone No. 1 unit outcrops and subcrops in
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the Solar Pond area. Data contained in the borehole spreadsheet in Appendix B are summarized
below for all sandstone intervals:

Sandstone Interval | Elevation (feet) | Thickness (feet) Percent >200/230 Sieve Size
(average)
1 5,946 - 5,973 12 - 29 47
2 5,928 - 5,883 4-13 28
3 5,872 - 5,854 5-8 4
4 5,868 - 5,803 2-13 35

As defined, the sandstone intervals contain abundant lenses of interlayered claystones and siltstones,

keeping the actual percentage of sand relatively low.

Arapahoe Claystones/Silty Claystones

The Arapahoe claystones and silty claystones are massive and blocky, containing thin laminae and
stringers of sands, silt, and lignite. The weathered zone in this material extends from 28 to 39 feet
below the base of the alluvium. Weathered claystones range in color from pale yellowish brown
to light olive gray and are moderately stained with iron oxides. Unweathered claystones are
typically dark gray to yellowish gray.

Fractures have been encountered between 6 and 26 feet in depth, and are associated with ironstone
concretions and calcareous deposits in the weathered zone. Vertical, subvertical, horizontal, and 45
degree fractures have been encountered in the unweathered zone at depths of 30 feet to over 100
feet. Many of the shallower fractures are stained with iron oxides or calcareous deposits, implying

water movement (Rockwell International, 1988a).

Laramie Formation

The upper contact of the Laramie Formation is believed to occur at a depth of approximately 260
feet in the Solar Ponds area, although none of the boreholes drilled to date are believed to have
encountered the Laramie (EG&G, 1991i, Geologic Cross-section G-G”). The estimated elevation for
the contact is based on a correlation of the Laramie/Arapahoe contact established through the
surficial geologic mapping effort to a nearby borehole (B304289) at a depth of 30 feet (EG&G,
1991i). The Upper Laramie, which consists mostly of silty claystones, siltstones, and some fine-
grained sandstones, is estimated to be 460 feet thick at borehole B304289. The lower unit of the
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Laramie Formation consists of coal beds and sandstones and is estimated to be 285 feet in thickness,

based on correlations from earlier work by Wiemer.

Geologic Cross-sections

Geologic cross-section A-A’ (Figure 2-10) trends south to north through the solar ponds area from
well No. 3386 to well No. B208789 near North Walnut Creek. Topography is relatively flat in the
Solar Ponds area except where artificial dikes have been built. Ground surface slopes steeply from
an area north of the ponds through the protected zone and ITS towards North Walnut Creek.
Quaternary alluvial thickness is approximately 10 feet in the pond area. The Arapahoe silty
claystone subcrops throughout the section, except for a small lense of sandstone between ponds 207-

A and 207-B South. Arapahoe claystones exist at both ends of the cross section.

Geologic cross-section B-B’ (Figure 2-11) trends west to east south of the Solar Ponds area from
well No. 2386 near Building 779 to well No. B213789 near South Walnut Creek. Quaternary
alluvium thickens from five feet in the west to 10 feet east of the Solar Ponds area, then thins again
down the slope towards South Walnut Creek. Arapahoe claystone subcrops in the west, and
Arapahoe silty claystone subcrops in the area of Pond 207-A and Pond 207-B South. Sandstone No.
1 subcrops in the east near South Walnut Creek.

Geologic cross-section C-C’ (Figure 2-12) trends west to east, south of Pond 207-C and through
Pond 207-A and 207-B and continues south from well No. P209389 near Building 774 to well No.
2986 west of the perimeter security zone. Quaternary alluvium ranges in thickness from 7 to 15
feet. Top of the bedrock in the vicinity of Pond 207-C is the Arapahoe Sandstone No. 1. The
sandstone is lenticular in shape with a maximum thickness of 22 feet and thins to 7 feet towards the
east. The Arapahoe silty claystone is the top of bedrock beneath ponds 207-A and 207-B south.
A gradational facies change from silty claystone to claystone occurs between wells 210289 and
207989. Changes in bedrock geology at depth can not be determined along this cross-section

because all wells are shallower than 38 feet.

Geologic cross-section D-D’ (Figure 2-13) trends west to east north of the solar ponds from well
No. P219189 located near Building 774 to well No. B208189 to the east. Topography is hummocky
along this cross section, rising northwest of Pond 207-C and then sloping downward towards the
cast. Quaternary alluvium is approximately 10 feet thick in the west until it pinches out at the
Arapahoe Sandstone No. 1 bedrock outcrop located north of Pond 207-A. The thin veneer of
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alluvium stretches eastward, where it thickens to 12 feet in the valley. The bedrock Arapahoe
formation grades rapidly through facies changes from west to east. In general, the Arapahoe
Sandstone No. 1 is lenticular in shape and outcrops in the vicinity of pond 207-C with a thickness
of 30 feet, and thins easterly to 15 feet. Arapahoe Sandstone No. 2, 3, and 4 were encountered at
depth. Additional information is needed to determine if these sandstones are laterally continuous.
A large deposit of silty claystone is continuous eastward from well P209889 and gradationally
changes to claystone.

Geomorphology

The land surface of the Solar Ponds area consists of an alluvial-covered pediment which has been
deeply incised with east-trending streams. The streams have dissected both the alluvium and the
underlying bedrock units along the drainages. It is conceivable that all sandstone intervals of the
Arapahoe Formation have been exposed surficially within the corresponding elevations and locations

along the drainages.

The extent to which exposed bedrock units can provide pathways to underlying strata is not fully
known. However, outcropping and subcropping sandstones of the Arapahoe Formation are exten-
sively interlayered with claystone and siltstone lenses, which serve as relatively impermeable
barriers to downward migration of contaminants. The sandstones and claystones are lenticular and

are likely to be laterally discontinuous.

2.4.2 Hydrology
2.4.2.1 Ground Water

Numerous investigations have focused on the geology and hydrogeology of the RFP including
extensive drilling in the Solar Ponds area. The following discussion of site hydrogeology has taken
into consideration the contents of the Solar Evaporation Pond Closure Plan (Rockwell International,
1988a), the results of the 1989 drilling program (performed by R.F. Weston), the Rocky Flats
Summary of Field Investigations, the Rocky Flats Draft Final Geologic Characterization Report
(EG&G, 1991i) and the Draft Phase I RFI/RI Work Plan for the Solar Evaporation Ponds (U.S.
DOE, 1990b). Wells located within the Solar Ponds area are illustrated in Figure 2-15. Hydrologic
data is included in Appendix C. Well completion records are included in Appendix B.

Generally, ground water in the Solar Ponds area flows east. Flow in the unconsolidated material

generally follows the contact with the Arapahoe Formation claystones. The claystones have a low
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hydraulic conductivity, on the order of 1 x 107 centimeters per second (cm/s), effectively constrain-
ing much of the flow within the uppermost hydrostratigraphic unit above the alluvial/bedrock
unconformity (Table 2.1). The exception to this is the occurrence of ground water in the subcrop-
ping units beneath the alluvial material. In this situation, the ground water exists under unconfined
conditions within the bedrock. In the Solar Ponds area, Arapahoe No. 1 Sandstone subcrops beneath
Ponds 207-C and the northwest portion of Pond 207-A. The confining layers for the sandstones are
the claystones and silty claystones of the Arapahoe Formation. The hydraulic conductivity of the
Rocky Flats Alluvium and the Arapahoe No. 1 Sandstone is approximately 6 x 10 cm/s. The lower
Arapahoe sandstones have a hydraulic conductivity of approximately 10 cm/s (Table 2.1).

Ground water flow in the Solar Ponds area is influenced by (1) recharge of precipitation, (2) leakage
from the Solar Ponds and (3) drainage into the ITS. The amount of pumpage from the ITS is
estimated at 4 million gallons per year. North of the Solar Ponds, the ITS drains ground water from

the alluvial materials creating an area of unsaturation (Figure 2-16).

Upper Hydrostratigraphic Unit

In the upper hydrostratigraphic unit, the unconfined ground water table forms a smooth continuous
surface sloping away from Pond 207-C through both the alluvial unit and the Arapahoe No. 1
Sandstone (Figure 2-12). In the vicinity of Pond 207-C, ground water flow appears to be in a

westerly direction.

The potentiometric surface in surficial materials for first and third quarters 1990 are presented in
Figures 2-16 and 2-17 for the Solar Ponds area. The first and third quarters represent the seasonal
high and low flows, respectively. Ground water elevations for first and third quarters 1990 are
presented in Tables 2.2 and 2.3. Well construction details are included in Table 2.4. Depth to
water in alluvial materials ranges from 4 to 12 feet. Alluvial ground water enters the Solar Ponds
area from the west and flows easterly (EG&G, 1991d).

Hydrographs were constructed for alluvial wells No. 3086, 2886, and 2686, located north of ponds
207-A and 207-B North, east of Pond 207-B North and south of 207-A, respectively. These wells
show a similar trend in water level fluctuations with highs occurring in the summer months of May
through August 1990 and 1991 and lows occurring in the winter months of November through
February 1990 and 1991 (Figure 2-18).
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Lower Hydrostratigraphic (Confined) Unit

Ground water flow within weathered bedrock is similar to that in surficial materials. First and third
quarter potentiometric surface maps (Figures 2-19 and 2-20) show ground water flowing in an
casterly direction. Water levels taken during 1990 indicate that the first and third quarters represent
the seasonal high and low flows for the area (Tables 2.5 and 2.6). An area of unsaturated bedrock
exists north of the Solar Ponds area, but is not extensive enough to prevent flow into North Walnut
Creek (EG&G, 1991d). The hydraulic conductivity of the lower HSU (Arapahoe Claystone
weathered and unweathered) ranges from 5.4 x 107 to 4 x 10 (Table 2.1).

Hydrographs were constructed for bedrock wells 2786 and P208889 (Figure 2-21). These graphs
show that water levels fluctuated as much as 20 feet in well no. P208889 and 60 feet in well no.
2786. The cause of these water fluctuations is unclear, but may be due to poor well construction

and/or inaccurate field measurements.

2.4.2.2 Surface Water

Surface water flow from the Solar Ponds area is toward North Walnut and South Walnut Creeks.
A series of retention ponds known as the A-series ponds are located on North Walnut Creek, and
a series of retention ponds known as the B-series ponds are located on South Walnut Creek (Figure
2-22). South Walnut Creek joins North Walnut Creek and an unnamed tributary coming from the
landfill area, approximately 0.7 mile downstream of the eastern edge of the Plant security area,
within the buffer zone. Walnut Creek then flows eastward approximately 1 mile into Great Western

Reservoir.

North Walnut Creek

North Walnut Creek is an eastward flowing stream located north of the Solar Ponds area. Surface
runoff patterns follow surface topography and indicate flow entering the drainage from the Solar
Ponds area, the 700 Building Complex, the 300 Building Complex, and general surface runoff from
the north and west sides of the Plant (Rockwell International, 1988a). Due to the surface drainage
pattern, any releases from the 700 and 300 areas would flow into North Walnut Creek above the
retention ponds in the drainage area located north of Pond 207-C (Rockwell International, 1988a).

The A-series ponds on North Walnut Creek are designated A-1, A-2, A-3, and A-4, from west to
east. Currently, Ponds A-1 and A-2 are used only for spill control, and North Walnut Creek stream
flow is diverted around them through an underground pipe. Previously (until 1980), Ponds A-1 and
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A-2 were used for storage and evaporation of laundry water. Pond A-3 receives the North Walnut
Creek stream flow and runoff from the northern portion of the Plant. Pond A-4 is designed for

surface water control and for additional storage capacity for overflow from Pond A-3.

South Walnut Creek

South Walnut Creek is an eastward flowing stream located to the east of the Solar Ponds area.
South Walnut Creek receives surface water runoff from the central portion of the Plant site. The
Plant surface water drainage pattern indicates surface water drainage from the area south and
southeast of the 207-B ponds flowing in a southeasterly direction toward South Walnut Creek.
However, the drainage pattern also indicates runoff from the Mound and 903 Pad areas located to
the south of the Solar Ponds would contribute to flow in South Walnut Creek (Rockwell Internation-
al, 1988a).

The discussion of the 903 Pad, Mound, and East Trenches Areas Remedial Investigation Report
attributes most of the surface water contamination in South Walnut Creek to the Mound and 903 Pad
areas. For this reason, it is not felt that the Solar Ponds are contributing to South Walnut Creek

contamination (Rockwell International, 1988a).

2.5 NATURE OF CONTAMINATION

A discussion of the nature of contaminants in the sources and affected media at the Solar Ponds is
presented in this section. The primary emphasis is placed on characterizing both the current and
historical composition of the pond liquids and sludges, and on characterizing the nature of contami-
nants in unsaturated soils near the site. Overall contamination at the Solar Ponds is characterized
by assessing the distribution of compounds common to the sources, soil, ground water, surface water
and air. Results from the multiple sampling efforts conducted on each of the sources and other
media have been informally summarized and discussed in following subsections to enable an initial
understanding of the type of contamination present in the Solar Ponds and media interactions

occurring at the site.

As a result of this preliminary data review, it was found that the ponds are sources of nitrate, metals
and radionuclides to underlying soils and ground water, and to surface water. Organic compounds
were detected only infrequently in all media, and at low concentration, indicating organic com-
pounds are of only minor significance to the overall characterization. Pond liquid and sludge

contained elevated concentrations of metals and inorganics that are relatively immobile without the
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presence of water to provide a transport mechanism. The ponds were high in nitrate, however,
which was observed in all other media (except air) in a pattern indicating migration northward to
the ITS and North Walnut Creek. Radionuclides were distributed in much the same pattern,
although surface radiological studies indicate Pond 207-A to be a relatively unique source of
surficial plutonium and americium. Other compounds showing a distribution pattern in soils are
¢yanide, chromium and lithium. Radionuclides present in pond liquid and sludge including

americium-241, plutonium-239 and tritium are also evident in soils surrounding the Solar Ponds.

2.5.1 Sources -- Solar Evaporation Ponds

Wastes present in the five Solar Ponds differ based on their varied influent waste streams and their
recent histories. Although all ponds have received facility process wastes in the past, recent
maintenance, closure, and aquifer restoration activities have resulted in dissimilar waste characteris-
tics in: Pond 207-A; Ponds 207-B North, 207-B Center, and 207-B South; and in Pond 207-C.
Process waste water and sludge were removed from Pond 207-A as a part of closure activities in
1988, and the pond currently holds pumpback water from the ITS and incident precipitation. The
process waste contents of Ponds 207-B North, Center, and South were removed during maintenance
activities and the liners replaced in 1977. The linings of Ponds 207-B Center and 207-B South were
removed, bagged, cemented and disposed of off-site. These ponds currently collect contaminated
ground water from the ITS and Building 771 and 774 footing drains. The 207-B ponds were also
used for storage and treatment by evaporation of sanitary effluent and treated water and backwash
brine from the RO facility. Pond 207-C is the only pond that currently contains plant process
wastes. In addition to these five active ponds, the Original Pond ceased to be used after 1956, and
was filled and regraded in 1970. Contamination from this Original Pond may be present in soil
beneath and surrounding Pond 207-C. As evidenced in aerial photographs, soil from the Original
(clay-lined) Pond were possibly used in the construction of Pond 207-C (Rockwell International,
1988a).

To characterize waste composition in the Solar Ponds, numerous analyses of pond liquids and sludge
have been conducted. Summaries of the laboratory results for pond liquids and sludges are
presented in Tables 2.7 through 2.11 and supporting documentation provided in Appendix D. These
tables contain a range of historical concentrations from the 1984-1988 time period, as well as recent
sampling results from 1991. Although the historical results provide an indication of past waste
characteristics, the 1991 data are considered more reliable as an indicator of current waste composi-

tion. Detailed laboratory data for the 1984-1988 time period are presented in Appendices 3 and 4
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of the 1988 Solar Evaporation Ponds Closure Plan (Rockwell International, 1988a) while recent
1991 sampling results are presented in the Dames & Moore Summary Report (Dames & Moore,
1991). Visual descriptions of sludges were obtained from the Sampling and Analysis of Solar Pond
Water and Sludge Final Report (Weston, Roy F., 1991).

2.5.1.1 Pond 207-A

A comparison of historical 1984-1988 and recent 1991 liquid and sludge sampling results for Pond
207-A reflects the removal of wastes from this pond in 1988 (Table 2.7). Historical results are
similar to the characterization of Pond 207-C liquids and sludges, although the radionuclides and
beryllium occurred at higher concentrations in Pond 207-A prior to waste removal. Acetone and
tetrachloroethylene were detected in historical analyses of Pond 207-A sludge, but these common
solvents were also detected in associated field blanks. Fluoranthene, di-n-butylphthalate and bis-(2-
ethylhexyl)phthalate were also detected in Pond 207-A sludge during removal. Fluoranthene is a
polynuclear aromatic hydrocarbon, and may be derived from the asphalt liner. The phthalate
compounds are plasticizers. Pond 207-A currently collects only incident precipitation, although it
has also been used to store ground water from the collection system. Concentrations of radionu-
clides, including americium, plutonium, uranium, and tritium, were greatly reduced after wastes were
removed. Other characteristic waste stream constituents, such as nitrate and the alkali metals
sodium and potassium, have decreased in concentration by several orders of magnitude since
removal of pond liquids and sludge. In addition, other transition metals, such as chromium and
nickel, are currently undetectable. Total cyanide occurs at relatively high concentrations, and high
total dissolved solids content reflects the evaporative concentration of minor influent salts within
the pond, as well as possible dissolution of remaining trace salts following waste removal.
Chemical sludges, which historically contained high concentrations of radionuclides, transition
metals, and salts, are no longer evident in Pond 207-A. Recent descriptions of the minor amount
of solids present indicate that they are composed of primarily sediments and algae. As a result,

sludges were not collected for analysis during the 1991 sampling effort.

Pond 207-A was originally designed in 1956 with %-inch asphalt planking which was removed in
1963 and replaced with an asphaltic concrete liner. A sump is located in the northeast portion of
the pond and the pond slopes toward the sump. No contaminant or leakage rate information is
available on the pond. There was documented evidence in 1988 of pond liner leakage on the side

slopes. The side slopes were relined in 1988 with an 1/8-inch thick rubberized crack sealing

RFPawb.r 2-22 11120091



material to minimize pond leakage. A surface water seep is observed near the northeast corner of

the pond and is most likely a result of liner leakage in this vicinity.

2.5.1.2 Ponds 207-B North, Center, and South

Ponds 207-B North, Center, and South currently receive contaminated ground water from the ITS
and from Building 771 and 774 footing drains. Pumped-back ground water is introduced into Pond
207-B North, and is subsequently transferred into Ponds 207-B Center and South. As a result of
the storage and evaporation of ground water rather than waste water, the composition of Pond 207-B
North, Center, and South liquid and sludge differs considerably from the contents of Ponds 207-A
and 207-C. As shown in Tables 2.8, 2.9, and 2.10, Ponds 207-B North, Center, and South liquids
contain nitrate as the dominant anion followed in abundance by chloride and sulfate. The dominant
cations are the alkali metals sodium and potassium, while alkaline earth metals calcium and
magnesium occur in lesser concentrations. The presence of calcium and magnesium in these pond
liquids reflects the occurrence of these alkaline earth metals in local ground water. Radionuclide
concentrations in the 207-B ponds are intermediate between the characteristics of Pond 207-A liquid,
which is derived primarily from ground water pump-back and incident precipitation, and Pond 207-C
liquid, which is representative of process wastewater. Transition metals characteristic of the process
wastewater including cadmium, copper, chromium, and nickel, are absent or present only at
relatively low concentrations in 207-B pond liquids. Historical analyses indicate the presence of
methylene chloride in Pond 207-B North liquid, although this compound was also detected in field
and laboratory blanks.

Visual descriptions of sludge from Ponds 207-B North, Center, and South indicate brown to green
algae as the primary constituent. Analytical results indicate the presence of calcium and sodium
salts of nitrate, chloride, and sulfate. Fluoride is absent. Radionuclides are present at relatively low
levels, with the exception of uranium-234 and uranium-238 isotopes. These two naturally occurring
uranium isotopes occur in 207-B pond sludges at concentrations intermediate between Pond 207-C
sludge and the former 207-A sludge. These uranium isotopes may be derived from process wastes
which have reached ground water, or may be naturally elevated in local ground water. Transition
metals representative of process wastes, including chromium and copper, are present in Pond 207-B
sludges, although cadmium and nickel are absent. A variety of semivolatile organic compounds
were detected in the Pond 207-B North sludge composite sample. None of these compounds were

verified as present in the individual samples comprising the composite, however.
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The liners originally installed in 1960 for Pond 207-B North, Center and South consisted of asphalt
planking. In 1960 and 1961, the asphalt planking was covered with asphaltic concrete. In 1977,
the 207-B Center and South were removed, bagged, cemented and disposed of off-site. The 207-B
North pond liner was not removed. The 207-B South pond received a 45 mil synthetic geomem-
brane and a leak detection system was installed. An underdrain system was reportedly installed on
all three 207-B ponds, which was designed to collect ground water flow under the ponds and route
it north along the ponds eastern edges, then discharge it to an open ditch north of Pond 207-B
North. It is unknown if the underdrain system was installed.

No information regarding contaminants below the liner or estimated leakage flow rates are available
on the 207-B Ponds. If the underdrain systems exist, they may collect ground water and leaking
pond liquids and transport them via closed conduit to ditches north of the ponds. With the ITS in
place and correctly operating, discharge to this ditch should be collected either as surface water in

the gravel trench system or as ground water that has reinfiltrated below the surface.

2.5.1.3 Pond 207-C

The liquid and sludge contained within Pond 207-C is derived from the plant process waste water
stream. Historical concentrations measured during the 1984-88 time period are consistent with
recent 1991 sampling results, as summarized in Table 2.11. Recent results generally occur with the
range of historical concentrations, where comparable data are available. Pond liquid characteristics
include high nitrate and cyanide concentrations, although chloride, carbonate and sulfate predomi-
nate as major anions in solution. The alkali metals potassium and sodium occur as the dominant
cations in solution. Total dissolved solids contents are approximately 40 percent, and have
increased between the 1984-88 and 1991 time periods, consistent with the continued influx and
evaporation of plant process wastes. Solution pH is alkaline, and the presence of sulfide suggests
the possibility of reducing conditions. Radionuclides, including americium, plutonium, uranium,
and tritium, are present within the pond liquids. Cadmium, chromium, copper, and nickel occur as
the primary transition metals. The occurrence of radionuclides and transition metals as primarily
dissolved constituents within the pond liquids is suspected since visual observations indicate that

the liquid samples collected in 1991 were clear with no obvious suspended solids.

The organic compounds acetone, diazinon, and simazine have been reported in Pond 207-C liquids.
Acetone was also detected in analytical blanks, and may reflect laboratory contamination. Diazinon

and simazine are both pesticides. Diazinon is an insecticide and nematicide used to control soil,
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crop and household pests, while simazine is a selective herbicide used to control annual grasses and
broad leaf weeds.

Pond 207-C sludge was described in 1991 as a crystallized brownish-green solid with some
sediment, ranging in thickness from 4 to 23 inches. The sludge consists primarily of sulfate, nitrate
and fluoride salts of potassium and sodium. Other constituents occur as minor or trace constituents
within these salts. Cyanide and phosphate occur at relatively high levels. Radionuclides are present
in the sludge, but at concentrations several orders of magnitude lower than in the pond liquids.
Transition metals, including cadmium, chromium, copper, iron and zinc, are also present. Nickel,

which was present in Pond 207-C liquid, is absent in the sludge. No organic compounds were
detected.

The liner of Pond 207-C is asphaltic concrete, and the original liner has been in use since 1970
when the pond was constructed. As evidenced in aerial photographs taken during the Pond 207-C
construction, soil from the Original (clay-lined) Pond may have been used in construction of Pond
207-C. The pond is reported to be fitted with a leak detection system, although no information
regarding leaks was available for use in this Work Plan. No contaminant data are available for soils
underlying the liner. The integrity of the liner cannot be assessed until sludge and liquids are

removed.

2.5.1.4 Contaminant Behavior

The chemical characteristics of wastes occurring within the Solar Ponds can be used to estimate
their mobility in the environment and support the development of a conceptual model. Contaminant
characteristics are discussed briefly in the following paragraphs to aid in understanding their affinity

for different environmental media and their migration and transport behavior.

The alkali metal and alkaline earth elements, which include potassium, sodium, calcium and
magnesium, occur abundantly in the natural environment. Lithium, which is also represented in the
analyses of Solar Pond wastes, occurs in lesser natural abundance. These elements form the
majority of dissolved cations both in wastewater and in ground and surface water solutions. At
relatively high concentrations, such as those present in the Solar Ponds, they may precipitate from
solution in association with the major anions as salts. Their relative concentrations may also

influence soil characteristics through cation exchange and precipitation of caliche horizons. As
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major constituents in natural and waste waters, the relative concentrations of alkali metal and

alkaline earth elements may also be used to identify waters from different sources.

Chloride, sulfate, carbonate and bicarbonate form the majority of anionic constituents found in
natural waters, and are also observed in major concentrations in the Solar Ponds. Nitrate and
fluoride, which occur naturally as minor constituents in ground and surface waters, also occur as
major components in solar evaporation pond wastes. These major anions can combine with trace
metals in solution to form complex ions, and at high concentrations can also limit the solubility of
major cations and trace metals through the formation of solid precipitates. Examples of natural
precipitates include sodium and calcium sulfates and calcium carbonate, which commonly form
alkali deposits in closed evaporative basins and caliche horizons in arid soils. Similar precipitates
form the inorganic sludges found in the Solar Ponds. These major anions are relatively mobile in

solution, and can act as tracers of contaminated water in natural systems.

The transition metals occur naturally as trace constituents in soil, ground water and surface water,
but may also be significant environmental contaminants as a result of their widespread use and
potential toxicity. Cadmium, chromium, copper and nickel occur in solar evaporation pond liquids
and sludges. Their background dissolved concentrations in local ground water and surface water
have not been formally established, but are likely to be in the 1 to 10 part per billion range (Hem,
1985). Background concentrations of these transition metals in Rocky Flats soil have recently been
developed in the Final Background Geochemical Characterization Report (EG&G, 1990d). Mobility
of these metals is limited by adsorption to clays, organic matter, and iron oxyhydroxides present in
soils. Solubility is also limited by the formation of oxide or hydroxide solids under sulfate
conditions. Migration of the transition metals is therefore limited in the subsurface environment.
Transport in association with particulates as suspended or bed load solids in surface water or as dust

in air is common.

Radionuclides present in the Solar Ponds include both naturally occurring and man-made isotopes.
These elements may be of concern due to both their radioactivity and chemical toxicity. The
uranium isotopes occur naturally in soils and sediments, and exist in recoverable quantities near the
Rocky Flats Plant. Their mobility is variable and is based primarily on environmental oxidation-
reduction and pH conditions. Tritium is formed naturally by solar radiation in the upper atmo-
sphere, although testing of nuclear weapons has far overshadowed this natural contribution to

background activities. Tritium substitutes for hydrogen in the water molecule, and therefore acts
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as a conservative tracer when present in liquid wastes and introduced to the environment. Plutonium
and americium are transuranic actinide elements, and do not occur naturally in the environment.
As with tritium, however, sensitive analytical techniques allow measurement of background
concentrations of these elements which result from atmospheric testing of nuclear weapons.
Plutonium and americium both form insoluble hydroxide and oxide solids under neutral to basic pH
conditions, rendering their mobility limited in the subsurface. Similar to the transition metals,
however, plutonium and americium may be transported in association with particulates in surface
water or air, or possibly as colloids in ground water. In addition, the presence of high concentra-

tions of complexing anions may act to increase solubility.

Gross alpha and gross beta are composite measurements of all natural and anthropogenic radioactive
constituents which decay by alpha and beta particle emission, respectively. Although useful for
determining the potential exposure to a radioactive source, these measurements have limited
application in evaluating contaminant state or mobility. They may provide an effective screening
tool in estimating the presence of specific radionuclides of interest, and in identifying specific areas

requiring detailed analysis.

2.5.1.5 Other Sources

Other potential sources of contamination include the Original Process Waste Lines (OPWL), which
exist extensively in an underground network adjacent to the Solar Ponds. A map showing the
presence of the OPWL in the Solar Ponds area is included in Appendix A, The OPWL network is
contained within the separate Operable Unit 9 (OU9) and will be investigated separately. However,

extensive coordination will be required in view of the overlapping nature of the OU9 and OU4.

2.5.2 Soils

The nature of contaminants in soils near the Solar Ponds were assessed using data obtained from
three previous sampling programs conducted in 1986, 1987, and 1989. The location of all soil
borings considered in this assessment are shown in Figure 2-23, where the soil sampling programs
are differentiated by color.

The 1986 Field Investigation included split-spoon sampling of alluvium, bedrock and the bed-
rock/alluvium contact in five boreholes. These five boreholes are shown in red on Figure 2-23 and
were later completed as Wells 1886, 2086, 2286, 2586 and 2786. The procedures followed during
the 1986 sampling program are described in the Draft Work Plan, Geological and Hydrological Site
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Characterization. Sample analysis results for the 1986 soil borings are contained in Appendix C of

the Solar Ponds Closure Plan (Rockwell International, 1988a).

The 1987 field program included collection of soil samples from 16 boreholes, SP01-87 through
SP16-87, shown in green on Figure 2-23. Two of the boreholes were completed as monitoring
wells; Borehole SP08-87 was completed as Well 3987, and SP16-87 as Well 5687. The procedures
followed during the 1987 field investigation are described in the Comprehensive Environmental
Assessment and Response Program (CEARP), Phase 2, Rocky Flats Plant, Installation Generic
Monitoring Plan (Rockwell International, 1988a). Sample analysis results for the 1987 soil borings
are contained in Appendix C of the Solar Ponds Closure Plan (Rockwell International, 1988a).

The 1989 soil investigation program at the Solar Ponds included sample collection from 20
boreholes, later completed as wells. The 1989 soil borings are shown in purple on Figure 2-23 and
are denoted with the prefix P, the well number, and the 89 extension. The "P" series wells not

shown on Figure 2-23 were not included in the soils assessment for this Work Plan.

The 1989 data were used not only to determine what contaminants were present near the Solar
Ponds, but to conduct initial comparisons to data from the pond liquid and sludge. The comparisons
allowed initial determinations to be made regarding the nature of contamination in the pond liquid
and sludge and probable media relationships. Identified data gaps and the need to further evaluate
media interactions will guide development of the field sampling plan presented in Section 7.0 of this
Work Plan. The 1989 data were also used to reassess earlier conclusions made using 1986 and 1987

sample analysis results.

During the 1989 soil investigation, two to four soil samples were collected from each boring and
analyzed for metals and inorganics. In addition, water samples were collected from those borings
where ground water was encountered. Constituents detected in samples from the 1989 soil borings
are presented in Table 2.12. Metals and inorganics were analyzed in all soil samples submitted for
analysis, although radiological analyses were conducted on samples from only seven of the twenty

1989 borings. Organics were only analyzed in ground water samples from the 1989 program.

Sample analysis results were evaluated using statistically based background soil/vadose characteris-
tics that are presented in the Final Background Geochemical Characterization Report (EG&G,

1990d). This background evaluation, conducted in 1989, involved a comprehensive collection of
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stream sediments, surficial alluvial and colluvial sediments, and bedrock material from uncontami-
nated areas of the buffer zone. This collection of samples includes nine stream sediment samples
from nine locations, 70 alluvial sediment samples from nine locations, 28 colluvial sediment samples
from nine locations, and 20 weathered bedrock samples from the nine colluvial sample locations.
Four of the nine alluvial borings and four of the nine colluvial borings were drilled in the Northern
Buffer Zone, and summary statistics were calculated for those data to independently evaluate North
Rocky Flats.

Detailed statistical methods described in the Background Geochemical Characterization Report
(EG&G, 1990d) were then applied to the observed concentrations soil data and statistical summaries
were generated. Statistical summaries were prepared using the background samples in alluvial
materials, and the samples from colluvial, weathered claystone and weathered sandstone. Summaries
were prepared for North Rocky Flats, South Rocky Flats, and Rocky Flats as a whole. These
statistical methods were used to generate a range of upper values for individual parameters. In this
case, this upper range value was designated the upper tolerance limit. Concentrations of chemical
parameters in soil boring samples were compared to these upper tolerance limits and evaluated more

closely than results below the upper tolerance limit.

Because OU4 is located in the northeastern portion of the Rocky Flats Plant, data from the Solar
Ponds and surrounding area were evaluated using the statistical summaries for the Rocky Flats North
alluvial and weathered bedrock materials. Statistical summaries for Rocky Flats as a whole were
also used for those compounds not calculated in the Rocky Flats North summaries. These statistical

summaries are presented in Appendix E of this Work Plan.

The 1989 soil/vadose zone investigation supersedes background soil information collected in a 1986
study. Inthe 1986 Background Soil Investigation, limited samples were collected, and the establish-
ment of a background value for a chemical parameter was taken as the upper range of values from
those samples. The 1989 soil/vadose zone soil investigation was selected for use in evaluating soil

data because it is statistically based and derived from a much larger data set than the 1986 investiga-

tion.

Selected analytical results from 1989 soil samples are summarized in Tables 2.13 and 2.14, and are
compared on a relative basis to historical soil data presented in Appendix C of the Solar Evaporation

Ponds Closure Plan (Rockwell International, 1988a). Data for these soil sampling programs were
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compared to established background values to evaluate potential anthropogenic contributions of
naturally occurring elements, spatial trends were also investigated to determine possible source

areas. Particular attention was paid to contaminants detected in pond liquids and sludges.

Major Anions

Nitrate concentrations in soil samples near the Solar Ponds exhibit strong relationships in both
horizontal distance from the ponds and depth profile. Nitrate concentrations in soil are depicted in
Figures 2-24 and 2-25, which presents soil analytical results for the sum of nitrate plus nitrite
constituents as nitrogen. A review of samples for which both nitrate and nitrate plus nitrite data
are available reveals that nitrate is the predominant nitrogen form present, Nitrate was detected in
nearly all soil samples from near the Solar Ponds. Many of those borings located within approxi-
mately S0 feet of the pond perimeters exhibited relatively higher nitrate concentrations in near-
surface samples. Borings located greater than 50 feet away tended to exhibit a nitrate contamination
profile that increased with depth, appearing highest in vadose zone soils near the water table. The
highest nitrate concentrations, greater than 1000 ppm in soils, were detected north and northeast and
downgradient of Pond 207-B North in borings located adjacent to the inner boundary of the PSZ,
This area corresponds to the location of ground water seeps which contain relatively high nitrate
concentrations. A 1986 boring, located approximately 600 feet northeast of the borings containing

highest nitrate, had concentrations less than 50 ppm.

Nitrate was detected in only a small percentage of background alluvial and weathered bedrock soil
samples, and upper tolerance levels were not calculated for nitrate or nitrate/nitrite. The average
nitrate concentration detected in background alluvial and weathered bedrock samples were less than
1 ppm, Conpentrations detected in the vicinity of the Solar Ponds were as much as 3000 times

greater than mean background concentrations.

Sludge and liquid samples from the Solar Ponds were found to contain relatively high nitrate
concentrations. Releases from those ponds in the form of seepage and windblown aerosols, are the
most likely sources of nitrate in the soil. The nitrate profile in soils is consistent with the behavior-
al geochemical characteristics of nitrate. Nitrate typically remains in solution as it infiltrates
through the vadose zone and enters ground water. In areas of infiltration, wastewater, ground water
seepage, or near the capillary fringe, relatively high soil nitrate concentrations would be anticipated

due to presence of moisture containing high dissolved nitrate.
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From a historical perspective, soil nitrate concentrations in the early 1970s were an order of
magnitude higher than currently observed, and generally located near the surface (Rockwell
International, 1988a). It is believed that the ITS has lowered the water table and allowed leaching
of the near surface soils by precipitation.

Cyanide was detected in two 1987 borings located near the ponds. The highest cyanide concentra-
tions were 8.7 ppm in the upper soils from a boring located between Pond 207-A and Pond 207-B
South. Cyanide was detected at lower concentrations in two samples located north of Pond 207-B
North and was below detection limit in all other 1986 and 1987 soil samples. Cyanide was not
analyzed in 1989 samples. Pond 207-C and 207-A liquids contain high cyanide concentrations. The

presence of cyanide in soils near Pond 207-A is probably indicative of release from this pond.

Sulfide, the only other major anion analyzed in soils was generally below detection limit, exhibited
no distinct patterns indicative of solar evaporation pond contamination. The absence of sulfide also

suggests the absence of strongly reducing conditions in soil.

Physical Parameters

Measurements of pH taken on all soil samples indicate a relatively neutral condition in the Solar
Ponds area soil. Measurements of pH in ground water were similarly neutral. Mostly neutral pH
measurements were obtained from water samples in the 1989 program. One slightly alkaline sample
was collected from ground water in an area northeast of the ponds. This sample contained soil and
ground water contaminants similar to pond liquids. Surface water pH measurements in the area

were generally neutral.

Transition Metals

Cadmium was below detection limits in most soil samples from the area. One relatively high
concentration was detected in a sample collected at a depth of 3 to 9 feet near the ponds, but no
overall trends were observed. Cadmium concentrations in sludge ranged from 30 to over 10,000

ppm, but do not appear to have been released to surrounding soil.

Chromium in pond liquid and sludge samples were detected at relatively high concentrations of up
to 17 ppm in liquid and up to 20,000 ppm in sludge. Chromium was detected in isolated soil
samples, and may indicate mobility of chromium in the vicinity of the ponds. Chromium was

present at 10 feet and greater in samples from two 1987 borings located near the 207-B series
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ponds, at concentrations nearly 40 times that which is indicated as background. Another sample
from the 3 to 9 foot depth contained chromium at over 4 times background. These isolated
occurrences suggest possible release of chromium in pond wastes but are not indicative of wide-

spread mobility of chromium.

Copper was generally detected at concentrations similar to those detected in background samples.
Copper was detected at one to four times greater than background in several 1989 borings located
south and east of the Solar Ponds, and in two 1987 borings located on the pond perimeters. The
highest concentration, 73.6 ppm was detected at 12 to 18 feet below the surface in a boring
approximately 150 feet east of Pond 207-B Center. There is no apparent correlation between copper

distribution in soil and copper in Solar Pond sludge and liquids.

Nickel was detected sporadically in samples throughout the Solar Pond area. The highest nickel
content was 6 times the levels from background samples. Nickel was detected in liquids from all
ponds with highest concentrations in Ponds 207-A and 207-C, but soil samples located on the
perimeter of the pond were all below background. The low level nickel concentrations in the

vicinity may be related to Solar Pond wastes.

Arsenic was detected in several samples from the 1987 and 1989 programs, at values ranging from
1 to approximately 14 times the concentrations indicated as representative of background conditions.
The distribution of arsenic in these soil borings shows no direct correlation with the ponds, and may
be attributable to geochemical variation in soils. The highest concentrations were from bedrock
samples at a depth of approximately 20 feet. Liquid samples from the ponds contain less than 0.16

ppm arsenic and are not considered significant sources of soil contamination.

Concentrations of aluminum in soils ranged from one to three times the concentrations indicated as
background for alluvial soils in the Rocky Flats vicinity. Aluminum was detected at low concentra-
tion in shallow soil samples in several borings within 100 feet of pond perimeters, suggesting that
elevated aluminum in soils may be related to Solar Pond contamination. However, recent and
historical data for sludge collected from the ponds indicated the presence of aluminum concentra-
tions similar to or lower than those observed in alluvial soils. Release of these sludges should not

result in increasing aluminum concentrations in soil.
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Several surface samples from borings east and south of the Solar Ponds contained low concentra-
tions of mercury, but mercury was not detected in samples collected closer to the ponds. Low level

mercury is not attributed to Solar Pond contamination.
Other metals, including lead, selenium, thallium and zinc were either detected well below back-
ground, or were of relatively low concentration and showed no apparent relationship to Solar Pond

liquids and sludges.

Alkali and Alkaline Earth Elements

Alkali metal and alkaline earth elements, including potassium, sodium, calcium and magnesium were
detected in the vicinity of the Solar Ponds at levels higher than in buffer zone soils. Their wide-
spread occurrence in this area is likely due to precipitation as salts from Solar Pond liquids released
through seepage or as aerosols. Because these elements are relatively soluble and form significant
percentages of the pond wastes, they may act as tracers of pond contamination, similar to nitrate.
Potassium levels in soils were less than three times greater than levels indicated as background.
Sodium content, which may be indicative of pond liquid metal precipitation was highest in samples
collected above 10 feet in the Original Pond area, and northeast of the ponds. Sodium content was
elevated only at 2 to 3 times values detected in background samples. Calcium content in Solar
Ponds area soils was as much as 20 times greater than levels in background alluvial and background
soils. The highest calcium levels occurred in soils less than 13 feet deep in soils east of the Solar
Ponds. Similarly, magnesium was found in soil samples east of the ponds. Magnesium was found

in subsurface soils at levels less than three times the levels detected in background soils.

Lithium was detected in sludge from Pond 207-C at a maximum concentration of 43 ppm. In liquid,
lithium was detected at highest concentrations in the 207-B ponds. Soil samples located adjacent
to the 207-B ponds did not contain lithium above detection limits. Near surface samples south of
Pond 207-C and in the Original Pond location did contain low levels of lithium, although they were
only 2 to 3 times that which is indicated as background. There may be a relationship between
lithium and the Original Pond based on these data.

Beryllium was detected at levels only 2 times greater than values indicated as background, and at
various depths. Beryllium was detected at a maximum concentration of 1970 ppm in Pond 207-A

sludge, although no clear relationship has been observed due to the low level, sporadic distribution
in soils.
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Barium was generally detected at concentrations of less than 2 to 3 times values indicated as
background, with one exception. One elevated sample of 11,600 ug/g barium is approximately 150
times what is considered indicative of background. There is no apparent relationship to barium and

Solar Pond contamination. Barium was generally undetectable in the Solar Pond sludge and liquid.

Radionuclides

Samples from seven borings in the 1989 program were submitted for radiochemistry analyses. A
summary of the results of these analyses are in Table 2.14. Historical radiochemistry data are
summarized in Table 2.15. Each data set was evaluated using the background geochemical report

as a basis for comparison.

Tritium was detected in many samples near the pond perimeters, and in borings located east and
northeast of the ponds. The tritium distribution patterns approximate those exhibited by nitrate.
The highest concentrations of tritium are at depth, many from vadose zone samples at or near the
water table. Tritium is found to have a positive correlation with nitrate, with many of the borings
containing high nitrate also containing elevated tritium. The highest tritium concentration was
nearly 100 times the value detected in buffer zone soils, but in general tritium concentrations were
3 to 5 times greater than tritium in buffer zone soils. Tritium is relatively mobile in vadose zone

soils, as tritium substitutes for hydrogen in water molecules.

Distribution of gross alpha, which may provide indication of the presence of other radioisotopes,
such as plutonium -239 or americium -241, did not indicate presence of alpha emitting radionuclid-
es. Values of gross alpha from Solar Pond area soils were generally below the values indicated as
background in the Final Background Geochemical Characterization Report (EG&G, 1990d). Only
a few samples revealed gross alpha in excess of background. Similarly, gross beta values, which
may indicate the presence of strontium-90 or cobalt -60 for example, were not at levels exceeding

those in background samples.

Uranium-233 and -234 were detected at 1 to 3 times higher than background samples. The higher
levels were typically in soil intervals at depth, but surficial samples near Pond 207-C also contained
uranium -233 and -234. The Solar Ponds may contribute to uranium levels in the area, although

contributions may also be received from other natural sources.
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Uranium-238 was detected at a similar ratio to background samples, usually at 1 to 3 times higher.
Levels were generally higher with depth, an observation than generally agrees with the background
sample findings. Uranium -238 in background weathered bedrock samples was generally higher than
in alluvial materials.

Plutonium-239 is widespread through the Solar Ponds area, and is detected almost exclusively in
near-surface samples. Plutonium was detected in historical samples on the pond perimeters, in areas
west and north of Pond 207-C, and northeast of Pond 207-B North. The highest levels were
measured near Pond 207-C, near the Original Pond location. With these data, it is not evident that
plutonium in this area is related solely to the Solar Ponds, or to widespread surficial plutonium in
this portion of the Rocky Flats Plant. Plutonium-239 levels ranged from 5 to nearly 1000 times

levels detected in background samples. The highest levels were near the Original Pond.

Americium-241, a decay product of plutonium, is distributed at the site much like plutonium.
Americium-241 is found typically in the upper soil samples and is relatively widespread in the
vicinity of the ponds. The higher surficial levels of americium were located in the vicinity of Pond

207-C, at activities from 25 to over 150 times greater than levels detected in background samples.

In June 1990, surficial soil sampling was conducted near Building 788 and Pond 207-A in response
to increased plutonium concentration in air in this vicinity. Three soil samples collected June 20,
1990 and analyzed for plutonium and americium found an approximate americium to plutonium
activity ratio of 2 to 1. Plutonium and americium levels were well above what was detected in soil
samples from previous soil sampling programs. Maximum values obtained were 934 pCi/g
americium and 438 pCi/g plutonium (see Appendix E). The data are currently undergoing valida-
tion, thus validated results were not available for use in this Work Plan. A copy of the telephone

log documenting early conclusions of this study is provided in Appendix E.

The conclusions of the surficial sampling program near Pond 207-A prompted the conduct of a Field
Instrument for Detection of Low-Energy Radiation (FIDLER) survey of the Solar Ponds embank-
ments. The instrument counts alpha particle emission from surface soils and was used to determine
distribution of the alpha emitters such as plutonium and americium. The FIDLER survey was
conducted in August 1990, and readings from two FIDLER instruments were used to allow compar-
ison of results. One-minute integrated counts were collected at background locations and on pond

perimeters. Readings were taken at nearly 170 locations around the ponds. The survey found the
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area of Building 788 and Pond 207-A embankments to have elevated alpha counts relative to the
Pond 207-C and 207-B series embankments; an indication of higher radionuclide content in Pond
207-A than the other ponds. A relatively isolated area between and east of Ponds 207-B Center
and 207-B South also had elevated readings. A copy of the results from this FIDLER survey are
in Appendix E.

Organics

No organic analyses are contained in the RFEDs database for soil samples from the 1989 program.
Historically, analytical data for core samples collected in 1986 indicated the presence of low concen-
trations of methylene chloride, chloroform, acetone, 2-butanone, 1,1,-dichloroethane, 1,1,1-trichloro-
ethane, trichloroethylene, toluene, and total xylene. In most cases, volatile organic compounds are
at estimated concentrations below the positive quantitation limit and/or are present in the laboratory
blanks. No analyses for laboratory blanks were included with the volatile organic analytical results
for the 1987 samples, in which methylene chloride, chloroform and 2-butanone were detected. The
volatile organics were generally near or below detection limits. Organic compounds were not
detected at elevated concentrations in pond liquid and sludge samples, and organic compounds at

the Solar Ponds are of less significance than the inorganics and radionuclides.

2.5.3 Ground Water

Ground water in the vicinity of the Solar Ponds is monitored within the site-wide RCRA Ground
Water Monitoring Program. Quarterly sampling is conducted under the program. Most of the
RCRA ground water monitor wells correspond to the 1989 soil boreholes, as each borehole was later
completed as a well. Data collected during the March 1990 sampling period or as close to that
month as possible, were evaluated in this work plan to determine possible relationships to Solar

Pond liquid, sludge and surrounding soil.
In addition to RCRA ground water program wells, ground water data collected during the 1989 soil

boring program is considered on a relative basis. These data are presented in the RFEDs data base

as GSEP series data, and are in Appendix F.

RFPawb.r 2-36 1120191



2.5.3.1 Alluvial Ground Water Quality

The alluvial ground water wells are indicated with an open circle on Figure 2-15. Ground water
quality data for alluvial wells is presented in Appendix F and was taken from the 1990 Annual
RCRA Ground Water Monitoring Report (EG&G, 1991d).

Distribution of nitrate in alluvial ground water generally correlates with distributions in soil.
Figure 2-26 shows the nitrate/nitrite isoconcentration contours that were presented in the RCRA
Ground Water Monitoring Report for First Quarter 1990. The combined nitrate plus nitrite
analytical results are considered indicative of primarily nitrate in solution. The figure indicates
highest nitrate concentrations to occur east of Ponds 207-B North and 207-B Center, whereas vadose
zone soil data indicate the highest nitrate levels in areas are north and northeast of Pond 207-B
North.

Volatile organic compounds were detected in alluvial ground water in an isolated area west of Pond
207-C. Soil from the borings drilled to construct these wells were not analyzed for volatile
organics, but the source of these organic compounds is perhaps associated with the Original Pond,
or from other upgradient sources.

Evidence of low levels of americium and strontium-90 are indicated by alluvial ground water results.
Activities are relatively low and near detection limits. Strontium metal was present in several
alluvial wells located east of the ponds, but the compound is not observed to be widespread in the

alluvial ground water system.

Total dissolved solids were highest in the alluvial system east of the 207-B ponds in a pattern

consistent with the nitrate distribution in vadose zone soil.

2.5.3.2 Bedrock Ground Water Quality

Ground water quality in the weathered bedrock system is characterized using the RCRA Ground
Water Monitoring Program First Quarter 1990 Data (EG&G, 1991d). As with the alluvial water
quality discussion, data obtained from water samples in the 1989 soil boring program were also

considered on a relative basis. These data are included in Appendix F.

Nitrate in the weathered bedrock system is indicative of Solar Pond contamination due to its

mobility through soils to ground water. The nitrate/nitrite distribution in weathered bedrock is
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indicated on Figure 2-27. As with the alluvial distribution figure for nitrate, the bedrock distribu-
tion correlates with the distribution in soils. High nitrate is found throughout the soil column in
samples near the perimeters of the ponds with the highest concentrations being north and northeast

of the ponds. Nitrate distribution follows the ground water flow path to the northeast.

Bedrock ground water nitrate isopleths depicted in Figure 2-27 were taken directly from the RCRA
Annual Ground Water Monitoring Report for 1990. Current interpretations suggest the presence of
elevated nitrate concentrations in a continuous plume extending from the ponds area toward the
northeast.

Lithium was detected in several bedrock wells, with highest concentrations being north and northeast
of the ponds. Tritium and strontium were detected throughout the weathered bedrock monitoring
network, again increasing in concentration in the northeast, as well as exhibiting moderately high
levels east of the ponds. Gross alpha was detected in a similar distribution pattern, at concentrations
as much as 8 times greater than the 15 pCi/l maximum contaminant level for gross alpha in drinking

water,

2.5.4 Surface Water Quality
Surface water sampling in the Solar Ponds area is summarized in the Solar Pond Interceptor Trench
Study Ground Water Management Study Zero-Offsite Water Discharge (ASI, 1991).

Surface water in the northern vicinity of the Solar Ponds drains northward to North Walnut Creek,
but is intercepted by the uncapped drains within the ITS. Surface water captured in the ITS mixes
with intercepted ground water and is pumped back to Pond 207-B North. Concentrations in Pond
207-B North liquid vary with water fluctuation, evaporation rates, and other factors. Surface water
monitoring stations are located both within the interceptor trench system and in the area north of

the ponds.

Selected parameters detected in surface water from these stations are summarized on Figures 2-28
and 2-29. A number of parameters occur in surface water, in somewhat similar patterns. Nitrate
and total dissolved solids were detected in highest concentrations from three sampling locations
located north of Ponds 207-A and the 207-B ponds. Sampling stations north of Building 774 and
Pond 207-C contained much lower concentrations of these parameters. Radionuclides plutonium-238

and americium -241 were detected in surface water throughout the area, the highest from surface
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water station 89 located between and immediately north of Ponds 207-A and 207-B North. Volatile
organic compounds, primarily acetone, were detected in surface water samples located near Building
774, and from samples in and near the West Collector. Surface water in the area east of the ITS

does not appear to be impacted by these contaminants (ASI, 1991).

Surface water samples collected downgradient of the ITS, in North Walnut Creek and the A-series
ponds on North Walnut Creek in August 1986, July 1987 and November 1987, were analyzed for
the Hazardous Substance List (HSL) volatile organics, semivolatiles, pesticides/PCBs, major
inorganic ions, metals and radionuclides (Rockwell International, 1988a). The A-series ponds were
constructed on North Walnut Creek to control surface water flow off the RFP site. Those analytes
exceeding detection limits include manganese, thallium, iron, and total dissolved solids (TDS). The
highest concentration of manganese, thallium, iron, and total dissolved solids occurs in samples
collected from Pond A-2, and may reflect residual contaminants from past usage to store laundry
effluents (Rockwell International, 1988a). In samples collected from Pond A-3, TDS and manganese
exceeded the water quality criteria. However, discharges from Pond A-3 are in compliance with the
conditions listed in the Plant’s NPDES permit. Furthermore, at the most downgradient surface water
station, SW-3 at Indiana Street (not shown on figures), all analyte concentrations are below the

surface water quality criteria.

In the Solar Evaporation Ponds Closure Plan (Rockwell International, 1988a), it was concluded that
degradation of surface water quality in North Walnut Creek is due, in part, to recharge by alluvial
ground water in the vicinity of the Solar Ponds. However, containment of the flow by Pond A-3
and Pond A-4 with attendant reduction in analyte concentrations by natural processes, renders the
quality of surface water leaving the RFP site acceptable with respect to the water quality criteria
(Rockwell International, 1988a).

2.5.5 Air

Air monitoring data collected by Radioactive Ambient Air Monitoring Program (RAAMP) stations
in the Solar Ponds area are contained in Appendix G. A map showing the locations of the RAAMPs
is included with the data. Such data are collected on a routine basis and additional, more current

data will be available for review as part of the first planning task of the Phase I RFI/RI program.
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The highest plutonium concentrations have been detected from Stations 1, 5 and 8B with maximum
average monthly values of 0,003197 pCi/m® for Station 1, 0.001389 pCi/m*® for Station 5, and
0.000708 for 8B, based on the data in Appendix G.

2.6 SITE CONCEPTUAL MODEL

The site conceptual model is intended to describe known and suspected sources of contamination,
types of contamination, affected media, contaminant migration pathways, and environmental
receptors. The site conceptual model is used to assist in identifying sampling needs to obtain
information for evaluating risks to human health and potential remedial alternatives. The site
conceptual model is developed and based on the information presented previously and includes
potential contaminant migration pathways from the Solar Ponds to other media or receptors. The
conceptual model is used to express current understanding of the nature and distribution of
contaminants and potential contaminant pathways. Thus, the conceptual model can be used to help

guide the RFI/RI investigations by testing current understandings.

The Phase I RFI/R], in accordance with the IAG, focuses on sources and soils (e.g., Solar Ponds
liquids and sludges; liner material; surficial soils; and vadose zone materials) and, therefore, so does
the conceptual model. However, to facilitate integration with the Phase II investigations, ground
water, air, and biota are included in this conceptual model, even though they will be the primary
focus of Phase II.

The primary source of contaminants in the Solar Ponds area are the process fluids piped to the
ponds for storage and treatment. Fluids have been contained in the ponds since approximately 1953,
and include the recent introduction of both treated sanitary wastewaters from the plant and ground
water pumped back from the ITS. The liquids, sludges, and lining materials in the ponds are
potential contaminant sources to the subsurface. Additional primary sources of contaminants in the
Solar Ponds area include potential leakage from existing and abandoned pipelines, drainage from

footing drains from nearby buildings, and the Original Pond in the vicinity of existing Pond 207-C.

The conceptual model is shown on Figure 2-30. The potentially affected media and contaminated
migration pathways that are included in this Phase I RFI/RI Work Plan include:

» Surficial soils
o Subsurface soils of the vadose zone.
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Not part of this Phase I RFI/RI Work Plan, but related as both sources and potential receptors,
include process waste lines, surface water, ground water, and air. The potential interrelationships
between those modes of contaminant transport and receptors are illustrated on Figure 2-31. Because
they are related, a conceptual understanding of these transport modes is necessary to most effective-
ly plan further investigations.

2.6.1 Pond Liquids and Sludges

The ponds are conceptualized as mixing vessels, open to the atmosphere, in which solar radiation
increases the solids concentration to form a sludge of the mixture. The sludges are composed of
crystalline wastes, algae and sediments. The liquids and sludges in the ponds are undergoing
changes in chemistry through the mixture of different cations, anions, and suspended solids. These
reactions are complicated by the evaporative process combined with periodic dilution by rainfall and
snowmelt, volatilization, photochemical reactions, microbiological activity, and possible reaction
with liner materials. These processes can transform both the liquid and solid chemical composition
into additional dissolved and complexed chemical constituents that can potentially be transported

through infiltration and percolation into the vadose zone and ground water system.

2.6.2 Surficial Soils

Soils in the vicinity of the Solar Ponds are potentially contaminated with aerosols from the ponds,
contaminants from ground water seeps, and from other spatially related sources such as process
waste lines that may not be distinguishable from the Solar Ponds. Contaminants in the surficial
soils may be transported:

e Into the vadose zone and, ultimately, into the ground water system via infiltration of
precipitation and/or leakage from the Solar Ponds

o Laterally, via surface runoff or as airborne fugitive dust.

The principle parameters that control the aforementioned transport are the chemical nature of the
contaminants, particulate size and occurrence, and rate of infiltration from precipitation and/or

leakage from the Solar Ponds.

2.6.3 Vadose Zone
The vadose zone is defined as the unsaturated subsurface depth interval from the surface to the

water table, including perched ground water zones and multiple geologic/lithologic units. It is
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commonly termed the unsaturated zone but in the Solar Ponds Area, there may be perched ground
water intervals and leakage zones that are saturated. Descriptions of the saturated status of soils
in the Solar Ponds area indicate multiple saturated intervals within 25 feet of the ground surface
which, in some cases, may be indicative of perched water. Exchanges between the vadose zone and
ground water involve both the maximum and minimum depth interval of the fluctuating ground
water level and the associated capillary fringe. The capillary fringe is a fluctuating depth interval
of partial saturation that extends upward from the water table and it is included as part of the vadose
zone, Perched water may flow laterally through overlying impermeable strata, and discharge at the
surface as ground water seeps.

Both the Solar Ponds and surface soils are similar through their exposure to atmospheric physio-
chemical conditions. These conditions can change abruptly in isolated sludges or in subsurface
soils. Approximately one-third of the surface is covered by ponds, buildings, and roads that restrict
the movement of oxygen from the atmosphere into the subsurface. Leakage from the ponds contains
nutrients for microbial activity. The changes associated with processes such as microbial activity
can affect the fate and transport of contaminants in the vadose zone. For example, the fate and
transport of both transition metals and radionuclides are strongly dependent on pH and oxidation

reduction potential (Eh) (Dragun, 1988) in both vadose zone water and ground water.

The ionic state of metals and radionuclides and the particle size of materials to which they are
sorbed affects their transport in the subsurface. Laboratory and field investigations involving
organic and inorganic ions indicate that the cationic ions (positively charged ions) and ionic
complexes are removed or exchanged from solution much more effectively than anions (negatively
charged ions). Also, recent research suggests that colloidal material is also a significant transport

mechanism in the subsurface (Penrose et al., 1990).

2.6.4 Unconfined Ground Water System

Ground water is believed to be present in the Rocky Flats Alluvium, colluvium, and subcropping
sandstones in the vicinity of the Solar Ponds under unconfined conditions. Depths to ground water
are expected to vary from O to 25 feet below ground surface depending on location, antecedent

precipitation, and time of year. Ground water flow is primarily toward the northeast.

Recharge to the unconfined ground water system in the vicinity of the Solar Ponds is expected to

be primarily: (1) from infiltrating precipitation, and (2) leakage from the Solar Ponds. It is
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expected that contaminants in the liquids leaking from the pond(s) are carried downward into the
vadose zone. Less mobile contaminants may become bound to soils, while soluble components will
be transported to the water table. Contaminants that have spread laterally in the vadose zone are

subject to subsequent downward migration from the leaching affect of infiltrating precipitation.

2.6.5 Surface Water and Sediments

Surface water provides a pathway for transporting potential contaminants from the Solar Ponds area.
North Walnut Creek may receive contaminates from the pond leakage via lateral ground water flow,
leaching from the vadose zone, and contaminated surficial soil transport by way of stormwater
runoff. A series of dams, retention ponds, diversion structures, and ditches has been constructed
at the Plant to control surface water, and to limit the potential for release of poor quality water.
Some of the ponds are located in the drainages of North Walnut Creek. The creek and associated
surface water control structures eventually lead to a reservoir, where the potential contaminants
could be concentrated in sediments. The ability of contaminants to be bound to sediments or

transported in the dissolved phase is dependent on both contaminant characteristics and environmen-
tal conditions.

The surface water system represents a potential route of exposure from ingestion/absorption/inhala-
tion and direct contact exposure routes. If present, dissolved and suspended transition metals,
radionuclides, organics, and other contaminants may be released to, and transported by, the surface
water system. Any volatiles present in surface water may be released to the atmosphere. Sediment
from North Walnut Creek may currently act as an accumulation point for contaminants. These

sediments may also be resuspended and diverted downstream during high flows.

2.6.6 Air

Air transmission of potential soil contaminants from the Solar Ponds may occur during the windy,
dry periods of the year. Airborne release may also occur, to a limited extent, during site investiga-
tive activities or remedial actions if effective protective measures are not taken. Aerosols may be
entrained in air from pond liquids during windy periods. Volatile organic compounds may also be
released from pond liquids and sludges, as well as environmental media exposed to the atmosphere.
Migration pathways correspond to local wind-flow pattemns. Inhalation exposure is contingent on
the proximity of receptor to the Solar Ponds area, although small particles, less than 10 microns in

size, may be carried great distances. However, these particles will be well-dispersed and generally
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in low concentration. Surficial soils will be sampled to evaluate for possible contamination that

could be transport as wind-blown dust.

2.6.7 Biota

Approximately two-thirds of the Solar Ponds area is located on open ground, without irrigation,
The remaining one-third of the area is highly developed and includes the ponds, buildings, and pave-
ments.

2.6.8 Receptors and Pathways
The ultimate estimate of the fate and transport of contaminants in the OU4 area depends on the

acquisition of the data to properly interpret the sources(s), release(s), transport mechanism(s) and
exposure pathways. Receptors are the populations exposed to contaminants at potential points of
contact with a contaminated medium. Under current and future land use scenarios at OU4, human
receptors include primarily plant workers, and secondarily, residents living near RFP. The primary
pathways by which human receptors may potentially be exposed to contaminants include exposure
to volatiles, windblown aerosols and dust, direct contact with the surface water and sediments,
ingestion and absorption of surface water and ground water, direct ingestion of surficial soils,

ingestion of vegetation grown in soil, and consumption of wildlife.
Environmental receptors include vegetation, cold water game fish, migratory waterfowl and

terrestrial mammals. These potential receptors could be exposed through the same routes as human

receptors, with the exception of ground water.
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TABLE 2.1

COMPARISON OF HYDRAULIC PROPERTIES

Ground Water Assessment Plan Ad-

Valley Fill

9x 10

of the Rocky Flats Plant,

dendum - Draft, EG&G, 1990. Alluvium 53 x 10%- 2.1 x 10°
Bedrock 54x107-4x10%
Hydrogeological Characterization Alluvium 1x10°

Hydro-Search, 1985. Arapahoe Sandstone 4 x 10°
Arapahoe Claystone 3 x 107
Section E Groundwater Protection, Rocky Flats Alluvium 7 x 10°
Rockwell International, 1986. Walnut Creek Alluvium 3 x 107
Woman Creek Alluvium 3x10°
Arapahoe Sandstone 2 x 10°¢
Weathered Arapahoe Claystone |5 x 107
Unweathered Arapahoe Claystone |1 x 107
Qal (Valley Fill) 2 x 10*
Draft Final Groundwater Protection |Rocky Flats Alluvium 6 x 10°
and Monitoring Plan, EG&G, 1991. | Arapahoe Sandstone #1
Arapahoe Sandstone #3, 4, 5 10°°
Basal Arapahoe Sandstone 10°¢
Arapahoe Claystone 107 - 10°®
(Weathered and Unweathered)
RCRA Part B Permit Application, Rocky Flats Alluvium 7 x 10°
Rockwell International, 1988. Valley Fill 3 x 10°
Arapahoe Formation 2x10%-1x 107
Hydrology of a Nuclear-Processing | Rocky Flats Alluvium 1x10?
Plant Site, Hurr, 1976. Valley Fill NA
Arapahoe Formation 1x10*
RCR..A Post Closure Care Permit Rocky Flats Alluvium 9 x 10%-4x10°*
llxgpspslfcaUOn, Rockwell International, Valley Fill 5 x 10
Arapahoe Formation NA

RFPawbT2.1

SOURCE: 1990 Annual RCRA Groundwater Monitoring Report (EG&G, 19914d).
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TABLE 2.2

FIRST QUARTER 1990 WATER LEVELS IN SURFICIAL MATERIALS

COL ft
B208789 5897.58 5897.41 N/A
B208389 DRY N/A N/A
B210489 5853.71 5853.79 N/A
1886 DRY N/A N/A
P209989 DRY N/A N/A
B208089 5923.20 N/A N/A
2086 DRY DRY N/A
3386 DRY DRY N/A
2187 5919.01 5919.67 DRY
P209289 DRY N/A N/A
2886 5955.27 5955.02 N/A
2286 5967.79 5967.51 N/A
5687 5970.68 5970.79 N/A
P207889 5957.73 5957.68 N/A
2986 DRY N/A N/A
P209789 5956.12 N/A 5961.60
3787 5960.04 N/A 5962.81
P207689 5959.39 N/A N/A
2686 5964.92 DRY N/A
2486 DRY N/A N/A
P207489 N/A N/A N/A
3887 5963.15 5963.00 N/A

0460

5965.13

5972.02

N/A

B208589 585345

5854.52

1586 5841.06 5841.12 N/A
1386 5834.44 5834.50 N/A
3686 5878.07 N/A N/A
3586 5902.19 N/A N/A
1786 5958.94 5860.32 N/A
NOTES: 1. See Figure 2-15 for well locations in the Solar Evaporation Ponds Area.
2. Datum is mean sea level.
3. N/A is defined as Not Available.
SOURCE: 1990 Annual RCRA Groundwater Monitoring Report (EG&G, 1991d).
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TABLE 2.3

THIRD QUARTER 1990 WATER LEVELS IN SURFICIAL MATERIALS

796 (ft).

B208789

589531 5895.07 5895.35

B208389 DRY DRY N/A
B210489 5852.91 N/A N/A
1886 DRY DRY DRY
P209989 DRY DRY DRY
B208089 5924.09 5924.11 5923.84
2086 5950.21 DRY DRY
3386 5942.41 DRY N/A
2187

5920.67 DRY 5922.94

P209289 DRY 5968.77 5969.04
2886 5956.99 5956.93 5956.16
2286 N/A 5969.19 N/A
5687 5972.40 5970.57 5971.78
P207889 5959.16 N/A N/A
2986 DRY DRY DRY
P209789 5957.83 N/A N/A
3787 5962.15 5961.62 5961.30
P207689 5960.20 N/A N/A
2686 5965.31 5965.23 5964.96
2486 DRY DRY DRY
P207489 5975.35 5975.04 5974.65
3887 5964.28 5964.02 N/A
0406 N/A 5966.15 N/A
5882.52 N/A N/A

1586 5840.90 N/A N/A
1386 5832.27 5832.62 5930.02
3686 5876.36 5876.12 N/A
3586 5903.04 5902.34 N/A
1786 5860.10 5860.07 5860.04

NOTES: 1. See Figure 2-15 for well locations in the Solar Evaporation Ponds Area.

2. Datum is mean sea level.
3. N/A is defined as Not Available.
SOURCE: 1990 Annual RCRA Groundwater Monitoring Report (EG&G, 1991d).
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TABLE 2.4

SOLAR EVAPORATION PONDS

CONSTRUCTION DETAILS FOR THE MONITORING WELLS

0260 5934.60
0460 Qrf 5962.00
1386 Qvf! 3.09-9.50 15.50 5837.22
1486 Kass(u)* 39.42-55.36 74.00 5844.71
1586 Qvf* 4.09-14.69 18.00 5845.61
1686 Kass(u)* 39.06-45.06 64.00 5864.74
1786 Qv 3.73-13.98 19.20 5865.26
1886 Qc! 3.74-7.50 10.50 5882.82
1986 Qc? 3.00-12.25 16.50 5946.00
2086 Qct 4.21-10.55 22.00 5960.47
2186 Qc! 35.00-67.24* 78.00 5991.11*
2286 Qrf! 3.20-11.20 26.00 5976.81
2386 Kass(u)* 113.00-117.25 130.50 5981.18
2486 Qrf! 2.95-7.45 12.00 5980.45
2586 Kass(u)* 59.90-82.00 89.80 5974.45
2686 Qrf? 3.75-11.00 17.00 5974.48
2786 Kass(u)! 128.50-133.00 157.00 5961.86
2886 Qrf* 4.03-8.60 15.50 5961.23
2986 Qrf! 2.83-8.77 22.50 5958.26
3086 Kacl(w)* 2.48-14.93 16.00 5956.21
3186 Kass(w)* 2.46-17.32 22.00 5964.21
3286 Kass(u)! 114.90-125.50 135.00 5964.46
3386 Qc? 2.99-7.34 16.80 5949.28
0387 Qd/Qrf 102.80-108.00 117.00 5930.58
0487 Qd/Qrf 3.50-6.70 13.00 5882.69
SP0687 Qaf/Qrf? NA 30.70 5972.90
SP0787 Qaf/Qrf? NA 31.00 5973.60
SP0887 Qd/Qc? 109.99-117.39 140.00 5947.10
SP0987 Qd/Qc? NA 11.00 5945.00
SP1087 Qd/Qc? NA 22.70 5941.00
SP1187 Qd/Qc? NA 34.00 5904.50
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CONSTRUCTION DETAILS FOR THE MONITORING WELLS

TABLE 2.4 (Continued)

SOLAR EVAPORATION PONDS

3787 Qd/Qrf? 3.50-12.50 13.00 5967.03
3887 Qd/Qrf? 3.50-9.50 14.00 5971.79
3987 (SP0887) NA 109.99-117.39 140.00 5947.10
5087 (SP1687) Qd/Qrf? 3.52-9.92 13.40 5978.51
P207389 Kass(w) 10.53-15.18 23.30 5981.02
P207489 Qrf 2.39-7.00 10.00 5980.71
P207589 Kacl 14.40-23.86 29.10 5974.06
P207689 Qrf 3.64-13.10 18.20 5966.32
P207789 Kacl 17.90-27.34 32.30 5965.88
P207889 Qrf 3.26-7.70 10.50 5962.82
P207989 Kacl 11.00-20.48 26.20 5963.09
B208089 Qc 3.40-12.90 22.20 5935.40
B208189 Kacl 16.90-26.34 32.50 5935.40
B208289 Kacl 5.95-15.42 19.00 5850.70
B208389 Qc 3.37-7.30 16.30 5876.80
B208489 Kacl 19.76-29.22 33.20 5876.30
B208589 Qvf 3.23-3.99 9.60 5856.50
B208689 Kacl 12.32-21.80 28.40 5867.60
B208789 Qvf 2.88-10.93 14.40 5907.10
P208889 Kass(u) 87.76-96.94 105.70 5947.30
P208989 Kacl 15.40-25.80 28.60 5962.53
P209089 Kacl 16.50-25.96 31.50 5972.16
P209189 Kass(w) 13.30-35.01 38.30 5980.66
P209289 Qrf 8.20-12.66 17.80 5981.59
P209389 Kass(w) 16.82-28.80 34.20 5981.47
P209489 Kass(w) 15.48-35.00 48.00 5977.98
P209589 Kacl 9.07-18.52 30.30 5948.17
P209689 Kacl 17.20-26.67 30.20 5962.63
P209789 Qrf 3.00-12.50 17.50 5962.82
P209889 Kacl 8.89-18.83 23.90 5940.28
P209989 Qc 3.81-8.18 12.00 5898.10

RFPawbT2.4
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CONSTRUCTION DETAILS FOR THE MONITORING WELLS

TABLE 2.4 (Continued)

SOLAR EVAPORATION PONDS

12.20-21.50 28.00 5898.40
P210189 Kass(w) 20.40-36.50 38.60 5980.82
P210289 Kacl 11.57-21.00 26.00 5967.03
B210389 Kacl 13.61-23.07 28.50 5873.20
B310489 Qc 2.98-7.41 28.10 5856.40
P213789 Qrf? 2.46-6.90 9.60 5917.80
P213889 Qrf? 11.30-20.83 31.85 5954.10
P213989 Qrf? 3.29-6.92 9.70 5954.30
P219089 Qrf? 5.00-14.44 20.00 5949.10
P219189 Qrf? 7.08-11.90 21.00 5941.20
P219489 Qrf? 18.48-22.90 32.00 5959.50

! 1990 Annual RCRA Groundwater Monitoring Report, 1991, Volume I

?  EG&G Geologic Characterization, 1991

Well Completion and Geologic Logs from Rockwell International, Closure Plan, 1988, Volume III or
Summary of Field Activities, EG&G 1990

Completion Zone Information from Summary of Field Activities, EG&G 1990, except where noted.

KEY:

Qaf

Qd

Qrf

Qc

Qvf

Kac! & Kacl(w)
Kass(w)
Kass(u)

NA

RFPawbT2 4

Artificial Fill

Disturbed Ground
Rocky Flats Alluvium

Colluvium

Valley Fill Alluvium

Weathered Arapahoe Formation Claystone
Weathered Arapahoe Formation Sandstone
Unweathered Arapahoe Formation Sandstone

Not Available
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TABLE 2.5

FIRST QUARTER 1990 WATER LEVELS IN WEATHERED BEDROCK

0260 5922.31 N/A 5929.02

3086 5952.02 5952.09 N/A

3186 DRY N/A N/A
B208189 5915.84 5917.28 N/A
B208289 5835.87 593493 N/A
B208689 5859.60 N/A 5860.23
B210389 5851.81 5852.41 N/A
B207389 5974.94 N/A 5976.83
P207789 5939.11 5939.22 N/A
P207989 5948.09 5948.71 N/A
P209389 5963.83 N/A 5967.14
P209489 DRY N/A N/A
P209589 5932.05 N/A N/A
P209689 5936.24 N/A 5936.83
P209889 5937.25 N/A 5937.88
P210089 5881.71 5881.57 N/A
P210189 5967.65 N/A N/A
P210289 5950.92 N/A 5953.44
P213889 DRY N/A N/A

Notes: 1. See Figure 2-15 for well locations in the Solar Evaporation Ponds Area.

2. Datum is mean sea level.
3. N/A is defined as Not Available.

SOURCE: 1990 Annual RCRA Groundwater Monitoring Report (EG&G, 1991d).
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TABLE 2.6

THIRD QUARTER 1990 WATER LEVELS IN WEATHERED BEDROCK

0260 N/A 5929.40 N/A

3086 5951.97 5952.20 N/A

3186 DRY N/A N/A
B208189 N/A 5912.45 5914.08
B208289 5835.84 N/A N/A
B208689 5853.35 N/A N/A
B210389 N/A N/A 5852.20
B207389 5975.80 5975.23 N/A
P207789 5938.22 5938.71 N/A
P207989 5946.98 5949.48 N/A
P209389 5964.89 5965.85 N/A
P209489 5951.42 5951.52 N/A
P209589 5931.02 5929.26 N/A
P209689 5935.80 N/A N/A
P209889 5937.34 5937.40 N/A
P210089 5879.69 5881.66 N/A
P210189 5969.12 5970.05 N/A
P210289 5951.51 N/A N/A
P213889 DRY DRY DRY

Notes: 1. See Figure 2-15 for well locations in the Solar Evaporation Ponds Area.

2. Datum is mean sea level.
3. N/A is defined as Not Available.

SOURCE: 1990 Annual RCRA Groundwater Monitoring Report (EG&G, 1991d).
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TABLE 2.7

. SOLAR EVAPORATION POND 207A
SUMMARY OF LIQUID AND SLUDGE SAMPLING RESULTS

ANIONS
Ammonia ppm NA 0.43 NA NA
Bicarbonate ppm NA 35 NA NA
Carbonate ppm NA 47 NA NA
Chlioride ppm NA 416 NA NA
Cyanide, Total ppm ND - 1.7 0.478 NA NA
Fluoride ppm NA ND NA NA
Nitrate, N ppm ND - 21,739 1000 8800 NA
Nitrite ppm NA 39 NA NA
Phosphate, Ortho ppm NA ND NA NA
Phosphate, Total ppm NA ND NA NA
Sulfate ppm NA 409 NA NA

. Sulfide ppm NA ND NA NA
TKN-N ppm NA ND NA NA
RADIONUCLIDES
Americium -241 pCi/l ND - 200 0.42 NA NA
Americium -241 pCi/g NA NA 1400-4400 NA
Plutonium -239 pCi/l ND - 660 0.71 ND NA
Plutonium -239 pCi/g NA NA 1000-3700 NA
Uranium -234 pCi/t 14000-20000 310 NA NA
Uranium -234 pCi/g NA NA 70-570 NA
Uranium -235 pCi/l NA 11 28-28 NA
Uranium -235 pCi/g NA NA 28-28 NA
Uranium -238 pCi/l 21000-28000 340 520-520 NA
Uranium -238 pCi/g NA NA 130-480 NA
Uranium pCi/l 0.7-26000 ND NA NA
Tritium pCi/l 240-3000 NA NA NA
Tritium pCi/g NA NA 1300-12000 NA
Gross Alpha pCi/l 32-80000 300 NA NA

. Gross Beta pCifl 2-40000 930 NA NA
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NA

SOLAR EVAPORATION POND 207A
SUMMARY OF LIQUID AND SLUDGE SAMPLING RESULTS

TABLE 2.7 (continued)

MISCELLANEOUS TESTS

Alkalinity, Total ppm NA 110 NA NA
Conductivity @ 25C uMHOs NA 8800 NA NA
Total Dissolved Solids ppm | 127000-127000 7600 NA NA
Total Organic Carbon ppm NA 67.8 NA NA
Total Suspended Solids % NA 23 NA NA
pH ppm 8.3-11 9.9 9.5 NA
METALS

Aluminum ppm 2.31-2.64 ND 11000-11900 NA
Antimony ppm NA ND NA NA
Arsenic ppm 0.015-0.015 ND ND NA
Barium ppm ND NA ND NA
Beryllium ppm ND-0.1 NA 309-1570 NA
Bismuth ppm NA ND NA NA
Boron ppm NA 1.26 NA NA
Cadmium ppm 0.070-0.150 ND 1110-10500 NA
Calcium ppm ND 60.4 19600-50000 NA
Cerium ppm NA NA NA NA
Cesium ppm NA NA NA NA
Cobalt ppm 0.200-0.500 NA ND NA
Chromium, Total ppm 13.7-16.7 ND 1010-19700 NA
Chromium, Hexavalent ppm NA NA ND-1.0 NA
Copper ppm 1.61-1.8 ND 425-1590 NA
Germanium ppm NA NA NA NA
Iron ppm 1.5-8.0 ND. 3590-6900

Lead ppm ND 0.004 65-455 NA
Lithium ppm NA 1.42 NA NA
Magnesium ppm ND 121 6100-21000 NA
Manganese ppm 0.095-0.115 ND 153-595 NA
Mercury PpPm ND-0.0002 ND 7.5-25 NA

RFPawbT2.7
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TABLE 2.7 (continued)

SOLAR EVAPORATION POND 207A
SUMMARY OF LIQUID AND SLUDGE SAMPLING RESULTS

Molybdenum ppm NA ND NA NA
Nickel pPpm 1.9-2.0 ND 124-1320 NA
Niobium ppm NA NA NA NA
Phosphorous ppm NA NA NA NA
Potassium pPpm 13200-14300 376 50000-65300 NA
Rubidium ppm NA NA NA NA
Selenium ppm ND 0.015 ND NA
Silicon ppm NA 0.846 NA NA
Silver ppm NA ND 153-237 NA
Sodium ppm 36300-42900 1610 130000-166000 NA
Strontium ppm NA 2.35 NA NA
Tantalum ppm NA NA NA NA
Tellurium ppm NA NA NA NA
Thallium ppm NA ND NA NA
Thorium ppm NA NA NA NA
Tin ppm 7-13 ND ND NA
Titanjum ppm NA NA NA NA
Tungsten ppm NA NA NA NA
Vanadium ppm 0.10-0.20 NA NA NA
Zirconium ppm NA NA NA NA
Zinc ppm 0.62-0.78 0.028 227-595 NA
VOLATILE ORGANICS

Acetone ppb 100-260 3.0 5-4680 NA
Methylene Chloride ppb ND 5.0 ND NA
Tetrachloroethene ppb ND ND ND-1200 NA
SEMIVOLATILE

Acenaphthene ppb NA ND NA NA
Bis(2-ethylhexyl) phthalate ppb NA ND ND-14900 NA
4-Chloro-3-methylphenol ppb NA ND NA NA
2-Chlorophenol ppb NA ND NA NA

RFPawbT2.7
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TABLE 2.7 (continued)

SOLAR EVAPORATION POND 207A
SUMMARY OF LIQUID AND SLUDGE SAMPLING RESULTS

NA

ND

NA

1,4-Dichlorobenzene ppb NA
2,4-Dinitrotoluene ppb NA ND NA NA
Di-n-butyl phthalate ppb NA ND ND-590 NA
Fluoranthene ppb NA ND 161-1680 NA
N-Nitroso-di-propylamine ppb NA ND NA NA
Phenol ppb NA ND NA NA
Phenols, Total ppb 13-35 NA ND-3300 NA
Pyrene ppb NA ND NA NA
1,2,4-Trichlorobenzene ppb NA ND NA NA
PESTICIDES/PCBs
Atrazine ppb NA 3.5 NA NA
Diazinon ppb NA ND NA NA
Simazine ppb NA ND NA NA
References: Rockwell International, 1988a, Solar Evaporation Ponds Closure Plan

Dames and Moore, 1991, A Summary of Chemical Analyses of Sludge and Water

NA -- Not Analyzed
ND -- Not Detected

RFPawbT2.7
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SUMMARY OF LIQUID AND SLUDGE SAMPLING RESULTS

TABLE 2.8

SOLAR EVAPORATION POND 207B (NORTH)

ANIONS

Ammonia ppm NA ND NA 102
Bicarbonate ppm NA ND NA ND
Carbonate ppm NA ND NA ND
Chloride ppm NA 147 NA 1910
Cyanide, Total ppm NA 37.8 NA ND
Fluoride ppm NA ND NA ND
Nitrate, N ppm 212 - 1367 39 NA 600
Nitrite ppm NA ND NA 10
Phosphate, Ortho ppm NA ND NA 4
Phosphate, Total ppm NA 0.04 NA ND
Sulfate ppm NA 155 NA ND
Sulfide ppm NA ND NA 56
TKN-N ppm NA ND NA 1430
RADIONUCLIDES

Americium -241 pCi/i ND 0.14 NA ND
Americium -241 pCi/g NA NA NA NA
Plutonium -239 pCifl ND ND NA 2.2
Plutonium -239 pCi/g NA NA NA NA
Uranium -234 pCifl 50 -53 40 NA 13
Uranium -234 pCi/g NA NA NA NA
Uranium -235 pCi/l NA 1.7 NA 0.4
Uranium -235 pCi/g NA NA NA NA
Uranium -238 pCifl 31-33 26 NA 8.4
Uranium -238 pCi/g NA NA NA NA
Uranium pCi/t NA ND NA ND
Tritium pCi/l 1200 - 1300 NA NA NA
Tritium pCi/g NA NA NA NA
Gross Alpha pCifl 13 - 323 59 NA 33
Gross Beta pCifl 5-200 110 NA 46
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TABLE 2.8 (continued)

SOLAR EVAPORATION POND 207B (NORTH)
SUMMARY OF LIQUID AND SLUDGE SAMPLING RESULTS

MISCELLANEOUS TESTS

Alkalinity, Total pPpm NA 75 NA 290
Conductivity @ 25C uMHOs NA 3380 NA 589
Total Dissolved Solids ppm NA 3200 NA NA
Total Organic Carbon ppm NA 7.6 NA 11000
Total Suspended Solids % NA 18 NA 26
pH ppm 7.5-9.6 8.5 NA 7.3
METALS

Aluminum ppm ND - 1.00 ND NA 4140
Antimony ppm ND ND NA ND
Arsenic ppm ND ND NA ND
Barium ppm ND - 0.22 ND NA NA
Beryllium ppm ND - 0.06 NA NA NA
Bismuth ppm ND ND NA ND
Boron ppm 0.09 - 0.31 0.173 NA ND
Cadmium ppm ND - 0.01 ND NA 12
Calcium ppm 20 - 290 189 NA 247000
Cerium ppm ND NA NA NA
Cesium ppm ND NA NA NA
Cobalt pPpm ND NA NA NA
Chromium, Total ppm ND ND NA 33
Chromium, Hexavalent ppm NA NA NA NA
Copper ppm ND ND NA ND
Germanium ppm ND NA NA NA
Iron ppm ND - 0.29 ND NA 4530
Lead ppm ND - 0.004 ND NA 12
Lithiom ppm 037-6 0.332 NA ND
Magnesium Ppm 66 - 120 79.3 NA 4670
Manganese ppm ND - 0.015 ND NA 80
Mercury ppm ND ND NA ND
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TABLE 2.8 (continued)

SOLAR EVAPORATION POND 207B (NORTH)

SUMMARY OF LIQUID AND SLUDGE SAMPLING RESULTS

Molybdenum ppm ND - 0.0069 ND NA ND
Nickel ppm ND - 0.05 ND NA ND
Niobium ppm ND NA NA NA
Phosphorous ppm ND NA NA NA
Potassium ppm 56 - 120 58.8 NA ND
Rubidium ppm ND NA NA NA
Selenium ppm ND - 0.024 0.008 NA ND
Silicon ppm ND - 5.6 1.02 NA 2670
Silver ppm ND - 0.082 ND NA ND
Sodium ppm 363 - 820 403 NA ND
Strontium ppm 0.14 - 3.5 2.22 NA 692
Tantalum ppm ND NA NA NA
Tellurium ppm ND NA NA NA
Thallium ppm ND ND NA 7
Thorium ppm ND NA NA NA
Tin ppm ND ND NA ND
Titanium ppm ND NA NA NA
Tungsten ppm ND NA NA NA
Vanadium ppm ND NA NA NA
Zirconium ppm ND NA NA NA
Zinc ppm ND - 0.022 0.048 NA 101
VOLATILE ORGANICS

Acetone ppb ND ND NA ND
Methylene Chloride ppb 19-71 ND NA ND
Tetrachloroethene ppb ND ND NA ND
SEMIVOLATILE

Acenaphthene ppb NA ND NA 4500
Bis(2-ethyl hexyl) phthalate{ ppb NA ND NA NA
4-Chloro-3-methylphenol ppb NA ND NA 7900
2-Chlorophenol ppb NA ND NA 7700
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TABLE 2.8 (continued)

SOLAR EVAPORATION POND 207B (NORTH)
SUMMARY OF LIQUID AND SLUDGE SAMPLING RESULTS

1,4-Dichlorobenzene ppb NA ND NA 4000
2,4-Dinitrotoluene ppb NA ND NA 3500
Di-nbutyl phthalate ppb NA ND NA ND
Fluoranthene ppb NA ND NA ND
N-Nitroso-di-propylamine ppb NA ND NA 3900
Phenol ppb NA ND NA 7400
Phenols, Total ppb 3-46 NA NA NA
Pyrene ppb NA ND NA 4600
1,2,4-Trichlorobenzene ppb NA ND NA 4300
PESTICIDES/PCBs

Atrazine ppb NA 1.1 NA ND
Diazinon ppb NA ND NA ND
Simazine ppb NA ND NA ND
References: Rockwell International, 1988a, Solar Evaporation Ponds Closure Plan

Dames and Moore, 1991, A Summary of Chemical Analyses of Sludge and Water

NA -- Not Analyzed
ND -- Not Detected
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SUMMARY OF LIQUID AND SLUDGE SAMPLING RESULTS

TABLE 2.9

SOLAR EVAPORATION POND 207B (CENTER)

ANIONS

Ammonia ppm NA 0.5 NA 135
Bicarbonate ppm NA ND NA ND
Carbonate ppm NA 280 NA ND
Chloride pPpm NA 763 NA 11200
Cyanide, Total ppm NA 0.555 NA ND
Fluoride ppm NA 73 NA ND
Nitrate, N ppm ND - 1220 1600 NA 13000
Nitrite ppm NA 75 NA 470
Phosphate, Ortho ppm NA ND NA 14
Phosphate, Total ppm NA 3.1 NA 2100
Sulfate ppm NA 736 NA 6950
Sulfide ppm NA ND NA ND
TKN-N ppm NA ND NA 16700
RADIONUCLIDES

Americium -241 pCifl NA 5.5 NA ND
Americium -241 pCi/g NA NA NA NA
Plutonium -239 pCif/l NA 0.4 NA 5.1
Plutonium -239 pCi/g NA NA NA NA
Uranium -234 pCi/l NA 780 NA 70
Uranium -234 pCi/g NA NA NA NA
Uranium -235 pCi/l NA 36 NA 2.5
Uranium -235 pCi/g NA NA NA NA
Uranium -238 pCi/l NA 900 NA 75
Uranium -238 pCi/g NA NA NA NA
Uranium pCi/t NA ND NA ND
Tritium pCin NA NA NA NA
Tritium pCi/g NA NA NA NA
Gross Alpha pCifl 4 - 2500 2400 NA 120
Gross Beta pCi/fl 8 - 1500 3900 NA 380
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SUMMARY OF LIQUID AND SLUDGE SAMPLING RESULTS

TABLE 2.9 (continued)

SOLAR EVAPORATION POND 207B (CENTER)

MISCELLANEOUS TESTS

Alkalinity, Total ppm NA 1000 NA 2700
Conductivity @ 25C uMHOs NA 1350 NA 3700
Total Dissolved Solids ppm NA 13000 NA ND
Total Organic Carbon ppm NA 126 NA 22000
Total Suspended Solids % NA 15 NA 10
pH Ppm 7.3-11.3 9.1 NA 9.2
METALS

Aluminum ppm ND - 2.00 ND NA 2350
Antimony ppm ND ND NA ND
Arsenic ppm ND 0.014 NA ND
Barium ppm ND ND NA ND
Beryllium ppm ND ND NA ND
Bismuth ppm ND ND NA ND
Boron ppm 0.071 - 0.67 2.77 NA ND
Cadmium ppm ND-0.01 ND NA 108
Calcium ppm 2.9-95 22.6 NA 108000
Cerium ppm ND NA NA NA
Cesium ppm ND - 0.35 NA NA NA
Cobalt ppm ND NA NA NA
Chromium, Total ppm ND 0.094 NA 127
Chromium, Hexavalent ppm NA NA NA 97
Copper ppm ND - 0.037 0.035 NA 96
Germanium ppm ND NA NA NA
Iron ppm ND - 0.2 ND NA 2650
Lead PPm ND - 0.002 ND NA 13
Lithium ppm 0.052 - 3.5 2.6 NA ND
Magnesium ppm 39-91 181 NA 13700
Manganese ppm ND - 0.022 ND NA 208
Mercury ppm ND ND NA 2
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TABLE 2.9 (continued)

SOLAR EVAPORATION POND 207B (CENTER)

SUMMARY OF LIQUID AND SLUDGE SAMPLING RESULTS

gt
Molybdenum Ppm 0.004 - 0.037
Nickel ppm ND - 0.016
Niobium PPm ND
Phosphorous ppm ND - 0.2
Potassium ppm 30 - 110 729 NA ND
Rubidium ppm ND NA NA NA
Selenium ppm ND - 0.019 ND NA ND
Silicon ppm 14-55 1.41 NA 2690
Silver ppm ND - 0.015 ND NA ND
Sodium Ppm 67 - 800 2440 NA 31300
Strontium pPpm 0.14 - 0.52 2.13 NA 848
Tantalum ppm ND NA NA NA
Tellurium ppm ND NA NA NA
Thallium ppm ND ND NA ND
Thorium ppm ND NA NA ND
Tin ppm ND 0.109 NA ND
Titanium ppm ND NA NA NA
Tungsten Ppm ND NA NA NA
Vanadium ppm ND - 0.0081 NA NA NA
Zirconium ppm ND - 0.004 NA NA NA
Zinc ppm ND - 0.041 ND NA 186
VOLATILE ORGANICS
Acetone ppb NA ND NA ND
Methylene Chloride ppb NA ND NA ND
Tetrachloroethene ppb NA ND NA ND
SEMIVOLATILE
Acenaphthene ppb NA ND NA ND
Bis(2-ethyl hexyl) phthalate | ppb NA ND NA ND
4-Chloro-3-methylphenol ppb NA ND NA ND
2-Chlorophenol ppb NA ND NA ND
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TABLE 2.9 (continued)

SOLAR EVAPORATION POND 207B (CENTER)
SUMMARY OF LIQUID AND SLUDGE SAMPLING RESULTS

1,4-Dichlorobenzene ppb NA ND NA ND
2,4-Dinitrotoluene ppb NA ND NA ND
Di-n-butyl phthalate ppb NA ND NA ND
Fluoranthene ppb NA ND NA ND
N-Nitroso-di-propylamine ppb NA ND NA ND
Phenol ppb NA ND NA ND
Phenols, Total ppb NA NA NA NA
Pyrene ppb NA ND NA ND
1,2,4-Trichlorobenzene ppb NA ND NA ND
PESTICIDES/PCBs
Atrazine ppb NA 9 NA ND
Diazinon ppb NA ND NA ND
Simazine ppb NA ND NA ND
References: Rockwell International, 1988a, Solar Evaporation Ponds Closure Plan

Dames and Moore, 1991, A Summary of Chemical Analyses of Sludge and Water

NA -- Not Analyzed
ND -- Not Detected
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SUMMARY OF LIQUID AND SLUDGE SAMPLING RESULTS

TABLE 2.10

SOLAR EVAPORATION POND 207B (SOUTH)

ANIONS

Ammonia ppm NA 0.97 NA 256
Bicarbonate ppm NA ND NA ND
Carbonate ppm NA 190 NA ND
Chloride ppm NA 745 NA 11300
Cyanide, Total ppm NA 0.509 NA ND
Fluoride ppm NA 72.5 NA ND
Nitrate, N pPpm NA 1800 NA 11000
Nitrite PpPm NA 100 NA 860
Phosphate, Ortho ppm NA ND NA 23
Phosphate, Total ppm NA 2.6 NA 260
Sulfate ppm NA 784 NA 8530
Sulfide ppm NA 1.0 NA ND
TKN-N PPM NA ND NA 12100
RADIONUCLIDES

Americium -241 pCifl NA 0.1 NA 2.4
Americium -241 pCi/g NA NA NA NA
Plutonium -239 pCifl NA 0.1 NA 1.9
Plutonium -239 pCi/g NA NA NA NA
Uranium -234 pCifl NA 760 NA 130
Uranium -234 pCi/g NA NA NA NA
Uranium -235 pCi/l NA 31 NA 2.9
Uranium -235 pCi/g NA NA NA NA
Uranium -238 pCi/l NA 870 NA 150
Uranium -238 pCi/g NA NA NA NA
Uranium pCifl NA ND NA ND
Tritium pCi/l NA NA NA NA
Tritium pCi/g NA NA NA NA
Gross Alpha pCi/l NA 1600 NA 150
Gross Beta pCifl NA 2300 NA 530
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TABLE 2.10 (continued)

SOLAR EVAPORATION POND 207B (SOUTH)

SUMMARY OF LIQUID AND SLUDGE SAMPLING RESULTS

MISCELLANEOUS TESTS

Alkalinity, Total ppm NA 860 NA 3000
Conductivity @ 25C uMHOs NA 23000 NA NA
Total Dissolved Solids ppm NA 16000 NA NA
Total Organic Carbon ppm NA 297 NA 21000
Total Suspended Solids % NA 6.0 NA NA
pH units NA 9.2 NA NA
METALS

Aluminum ppm NA ND NA 1870
Antimony ppm NA ND NA ND
Arsenic ppm NA 0.0164 NA ND
Barium pPpm NA ND NA ND
Beryllium ppm NA NA NA NA
Bismuth ppm NA ND NA ND
Boron ppm NA 2.77 NA 138
Cadmium ppm NA ND NA 28
Calcium ppm NA 18.9 NA 124000
Cerium ppm NA NA NA NA
Cesium ppm NA NA NA NA
Cobalt ppm NA NA NA NA
Chromium, Total ppm NA 0.0228 NA 30
Chromium, Hexavalent ppm NA NA NA NA
Copper ppm NA 0.037 NA 95
Germanium ppm NA NA NA NA
Iron ppm NA ND NA 2530
Lead ppm NA ND NA 9
Lithium ppm NA 2.670 NA ND
Magnesium ppm NA 180 NA 9680
Manganese ppm NA 0.0182 NA 107
Mercury ppm NA 0.001 NA ND
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TABLE 2.10 (continued)

SOLAR EVAPORATION POND 207B (SOUTH)

SUMMARY OF LIQUID AND SLUDGE SAMPLING RESULTS

Molybdenum ppm NA 0.122 NA ND
Nickel ppm NA 0.040 NA ND
Niobium ppm NA NA NA NA
Phosphorous ppm NA NA NA NA
Potassium ppm NA 791 NA 7370
Rubidium ppm NA NA NA NA
Selenium ppm NA ND NA ND
Silicon pPpm NA 0.952 NA 4320
Silver ppm NA ND NA ND
Sodium ppm NA 2940 NA 24200
Strontium ppm NA 2.37 NA 720
Tantalum ppm NA NA NA NA
Tellurium ppm NA NA NA NA
Thallium ppm NA ND NA ND
Thorium ppm NA NA NA NA
Tin ppm NA ND NA ND
Titanium PpPm NA NA NA NA
Tungsten PpPm NA NA NA NA
Vanadium ppm NA NA NA NA
Zirconium ppm NA NA NA NA
Zinc Ppm NA 0.037 NA 126
VOLATILE ORGANICS

Acetone ppb NA ND NA ND
Methylene Chloride Ppb NA ND NA ND
Tetrachloroethene ppb NA ND NA 130
SEMIVOLATILE

Acenaphthene ppb NA ND NA ND
Bis(2-ethyl hexyl)phthalate | ppb NA ND NA ND
4-Chloro-3-methylphenol ppb NA ND NA ND
2-Chlorophenol ppb NA ND NA ND
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TABLE 2.10 (continued)

' SOLAR EVAPORATION POND 207B (SOUTH)

SUMMARY OF LIQUID AND SLUDGE SAMPLING RESULTS
1,4-Dichlorobenzene ppb NA ND NA ND
2,4-Dinitrotoluene ppb NA ND NA ND
Di-n-butyl phthalate ppb NA ND NA ND
Fluoranthene ppb NA ND NA ND
N-Nitroso-di-propylamine ppb NA ND NA ND
Phenol ppb NA ND NA ND
Phenols, Total ppb NA NA NA NA
Pyrene ppb NA ND NA ND
1,2,4-Trichlorobenzene ppb NA ND NA ND
PESTICIDES/PCBs
Atrazine ppb NA 13 NA ND
Diazinon ppb NA ND NA ND

. Simazine ppb NA - ND NA ND
References: Rockwell International, 1988a, Solar Evaporation Ponds Closure Plan

Dames and Moore, 1991, A Summary of Chemical Analyses of Sludge and Water

NA -- Not Analyzed
ND -- Not Detected
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TABLE 2.11

SOLAR EVAPORATION POND 207C
SUMMARY OF LIQUID AND SLUDGE SAMPLING RESULTS

ANIONS

Ammonia ppm NA ND NA ND
Bicarbonate ppm NA 4000 NA ND
Carbonate ppm NA 25000 NA ND
Chloride ppm NA 18300 NA 5360
Cyanide, Total ppm ND-1.9 9650 NA 3200
Fluoride pPpm NA ND NA 22800
Nitrate, N ppm 0.4-21400 2600 NA 97000
Nitrite ppm NA 2500 NA 800
Phosphate, Ortho ppm NA 390 NA ND
Phosphate, Total ppm NA 431 NA 1700
Sulfate ppm NA 12200 NA 110000
Sulfide Ppm NA 10 NA ND
TKN-N ppm NA ND NA ND
RADIONUCLIDES

Americium -241 pCi/l ND-13000 8.6 NA 1.7
Americium -241 pCi/g NA NA NA NA
Plutonium -239 pCi/l 210-2100 670 NA 15
Plutonium -239 pCi/g NA NA NA NA
Uranium -234 pCifl NA 2600 NA 52
Uranium -234 pCi/g NA NA NA NA
Uranium -235 pCi/l NA 120 NA 0.8
Uranium -235 pCi/g NA NA NA NA
Uranium -238 pCi/l NA 3900 NA 31
Uranium -238 pCi/g NA NA NA NA
Uranium pCifl 1400-40000 ND NA ND
Tritium pCifl ND-6400 ND NA NA
Tritium pCi/g NA NA NA NA
Gross Alpha pCifl 10000-46000 72000 NA 18
Gross Beta pCi/l 405-44000 170000 NA 420
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SOLAR EVAPORATION POND 207C
SUMMARY OF LIQUID AND SLUDGE SAMPLING RESULTS

TABLE 2.11 (continued)

MISCELLANEOUS TESTS

Alkalinity, Total ppm NA 45000 NA 24000
Conductivity @ 25C uMHOs NA 610000 NA NA
Total Dissolved Solids ppm 93900-175800 400000 NA NA
Total Organic Carbon ppm NA 54.9 NA NA
Total Suspended Solids % NA 76 NA NA
pH ppm 7.7-12.5 10.2 NA NA
METALS

Aluminum ppm NA ND NA 97
Antimony ppm NA ND NA ND
Arsenic ppm NA ND NA ND
Barium ppm NA ND NA ND
Beryllium ppm ND-0.6 ND NA ND
Bismuth Ppm NA ND NA ND
Boron ppm NA 360 NA 117
Cadmium ppm NA 0.312 NA 6
Calcium Ppm NA ND NA ND
Cerium ppm NA NA NA NA
Cesium Ppm NA NA NA NA
Cobalt pPpm NA NA NA NA
Chromium, Total pPpPm NA 2.36 NA 18
Chromium, Hexavalent ppm NA NA NA NA
Copper ppm NA 6.79 NA 6
Germanium ppm NA NA NA NA
Iron ppm NA ND NA 36
Lead ppm NA ND NA ND
Lithiom ppm NA ND NA 43
Magnesium ppm NA NA NA ND
Manganese ppm NA ND NA ND
Mercury ppm NA ND NA ND

RFPawbT2.11

11/19/191



SOLAR EVAPORATION POND 207C
SUMMARY OF LIQUID AND SLUDGE SAMPLING RESULTS

TABLE 2.11 (continued)

Molybdenum ppm NA ND NA ND
Nickel ppm NA 5.09 NA ND
Niobium ppm NA NA NA NA
Phosphorous ppm NA NA NA NA
Potassium ppm NA 78700 NA 273000
Rubidium ppm NA NA NA NA
Selenium ppm NA ND NA ND
Silicon ppm NA 30.1 NA 422
Silver ppm NA ND NA ND
Sodium ppm NA 102000 NA 50900
Strontium ppm NA ND NA ND
Tantalum ppm NA NA NA NA
Tellurium ppm NA NA NA NA
Thallium pPpPm NA ND NA ND
Thorium ppm NA NA NA NA
Tin ppm NA ND NA ND
Titanium ppm NA NA NA NA
Tungsten Ppm NA NA NA NA
Vanadium ppm NA NA NA NA
Zirconium ppm NA NA NA NA
Zinc ppm NA ND NA 6
VOLATILE ORGANICS

Acetone ppb NA 43 NA ND
Methylene Chloride ppb NA ND NA ND
Tetrachloroethene ppb NA ND NA ND
SEMIVOLATILE

Acenaphthene ppb NA ND NA ND
Bis(2-ethyl hexyl)phthalate { ppb NA ND NA ND
4-Chloro-3-methylphenol ppb NA ND NA ND
2-Chlorophenol ppb NA ND NA ND
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TABLE 2.11 (continued)

SOLAR EVAPORATION POND 207C
SUMMARY OF LIQUID AND SLUDGE SAMPLING RESULTS

1,4-Dichlorobenzene ppb NA ND NA ND
2,4-Dinitrotoluene ppb NA ND NA ND
Di-n-butyl phthalate ppb NA ND NA ND
Fluoranthene ppb NA ND NA ND
N-Nitroso-di-propylamine ppb NA ND NA ND
Phenol ppb NA ND NA ND
Phenols, Total ppb 13-35 NA NA NA
Pyrene ppb NA ND NA ND
1,2,4-Trichlorobenzene ppb NA ND NA ND
PESTICIDES/PCBs
Atrazine ppb NA ND NA ND
Diazinon ppb NA 2.8 NA ND
Simazine ppb NA 7.5 NA ND
References: Rockwell International, 1988a, Solar Evaporation Ponds Closure Plan

Dames and Moore, 1991, A Summary of Chemical Analyses of Sludge and Water

NA -- Not Analyzed
ND -- Not Detected
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Metals

Aluminum
Antimony
Arsenic
Barium
Beryllium
Cadmium
Calcium
Cesium
Chromium
Cobalt
Copper
Iron

Lead
Lithium
Magnesium
Manganese
Mercury
Molybdenum
Nickel
Potassium
Selenium
Silver
Sodium
Strontium
Thallium
Tin
Vanadium
Zinc

TABLE 2.12

1989 SOIL SAMPLE PARAMETERS LIST

Anions
Nitrate

Nitrate/Nitrite
Sulfide

Radiochemistry

Borings P207889, P207989, P208889,

P208989, P209589, P209689, P209789

Americium -241
Cesium -137
Gross Alpha
Gross Beta
Plutonium -239
Radium -226
Radium -228
Strontium -90
Tritium

Total Uranium
Uranium -233, -234
Uranium -235
Uranium -238

Reference: EG&G Rocky Flats, Inc. RFEDs Database
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PHOTOGRAPH 2-1
SOLAR EVAPORATION POND AREA FACING SOUTH (JUNE 1981)




PHOTOGRAPH 2-2
SOLAR EVAPORATION POND AREA FACING SOUTHWEST (JUNE 1991}
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3.0 APPLICABLE OR RELEVANT AND APPROPRIATE REQUIREMENTS

This section provides a preliminary identification of potential chemical-specific Applicable or
Relevant and Appropriate Requirements (ARARSs) for surface water and ground water at OU4. The
summary of potential sittwide ARARs presented is based on current federal and state health and
environmental statutes and regulations. The ARARs presented are not specific to OU4 because
insufficient validated data exist to justify inclusion or exclusion of specific constituents. The
preliminary identification and examination of potential ARARs will provide for the use of appropri-
ate analytical detection limits during the RFI/RI. As data become available during the Phase 1
RFI/RI, specific ARARs will be proposed for OU4. Location-specific ARARs will be addressed in
the RFI/RI report. The Corrective Measures Study (CMS)/Feasibility Study (FS) report will further
address chemical-specific ARARs as well as action- and location-specific ARARs in the develop-

ment and evaluation of remedial alternatives.

3.1 THE ARAR BASIS

Section 121 (d) of CERCLA, as amended by the Superfund Amendments and Reauthorization Act
of 1986 (SARA), requires that Superfund-financed, enforcement, and federal facility remedial
actions comply with federal ARARs or more stringent promulgated state requirements. CDH Water
Quality Control Commission (WQCC) ground water standards (5§ CCR 1002-8, Section 3.12.0)
became effective on April 30, 1991, and are therefore considered in the process for developing
potential sittwide ARARs for RFP.

3.2 THE ARAR PROCESS

A screening and analysis process will be used to determine which of the potential ARARs will be
applied to OU4, The analysis will address compliance with chemical-, location-, and action-specific
ARARs in accordance with the National Contingency Plan (NCP). The screening process will
consider relevant and appropriate requirements in the same manner as applicable requirements.
When more than one ARAR is identified, the more stringent of the applicable ARARs will be used.

The first step in identifying potential ARARs will occur after the initial scoping and site character-
ization and will involve analysis of the chemicals present at the site and any location-specific
characteristics at the site. After the chemicals have been identified, the presence or absence of
chemical-specific ARARs will be determined. Chemical-specific ARARs will be derived primarily

from federal and state health and environmental statutes and regulations, including the following:
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» Safe Drinking Water Act (SDWA) Maximum Contaminant Levels (MCLs) applicable to both
surface water and ground water

o Clean Water Act (CWA) Ambient Water Quality Criteria (AWQC) potentially applicable to
surface water and alluvial ground water

* RCRA, Part 264, Subpart F, Ground Water Concentration Limits (40 CFR 264.94) applica-
ble to ground water

s+ CDH-WQCC surface water standards for Woman Creek and Walnut Creek (5 CCR 1002-8,
Section 3.8.29, effective March 30, 1990) applicable to surface water

s CDH-WQCC, Basic Standards for Ground Water (5 CCR 1002-8, Section 3.11.0, amended
September 1990) potentially applicable to ground water

o+ CDH-WQCC, Classifications and Water Quality Standards for Ground Water (5 CCR 1002-
8, Section 3.12.0, effective April 30, 1991) potentially applicable to ground water.

A summary of chemical-specific standards or potential ARARs (based on the above regulations and
contaminants that may be found potentially sitewide) is presented in Table 3-1, "Ground Water
Quality Standards," Table 3-2, "Federal Surface Water Quality Standards,” and Table 3-3, "State
Surface Water Quality Standards." These potential chemical-specific ARARs and accompanying
regulations will be screened to determine their jurisdictional requirements and applicability to OU4.
If the requirements are not applicable, they will be further screened to determine whether they are
relevant and appropriate to the particular site-specific conditions at OU4. Where ARARs do not
exist for a particular chemical or where existing ARARs are not protective of human health and the
environment, to-be-considered (TBC) criteria (such as guidance, proposed standards, and advisories
developed by EPA, other federal agencies, or states) will be evaluated for use. Where ARARs or
TBC criteria are not available or are less than laboratory practical quantitation limits (PQLs), PQLs
will be used. For any parameters to be analyzed in ground water, surface water, or soil and for
which no ARARs or TBCs were found, use of the methods that achieve the detection limits provided
in the General Radiochemistry and Routine Analytical Services Protocol (GRRASP) (EG&G, 1991j),
which are contract laboratory program (CLP) required quantitation limits, should enable meaningful
interpretation of sample results. In addition, whenever a potential standard is below the GRRASP-
derived detection limit, the detection limit will be used as the standard. Risk-based concentrations
taken from the baseline risk assessment will be used in establishing the remediation goals for the
parameters for which no potential ARARs could be identified, thus ensuring environmental

protectiveness.
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3.2.1 ARARs

"Applicable requirements," as defined in 40 CFR 300.5, are "those standards of control, and other
substantive requirements, criteria, or limitations promulgated under federal environmental or state
environmental or facility siting laws that specifically address a hazardous substance, pollutant,
contaminant, remedial action, location, or other circumstances found at a CERCLA site. Only those
state standards that are identified by a state in a timely manner and that are more stringent than
federal requirements may be applicable." "Relevant and appropriate requirements,” also defined in
40 CFR 300.5, are "those cleanup standards, standards of control, and other substantive require-
ments, criteria, or limitations promulgated under federal environmental or state environmental or
facility siting laws, that, while not ‘applicable’ to a hazardous substance, pollutant, contaminant,
remedial action location, or other circumstance at a CERCLA site, address problems or situations
sufficiently similar to those encountered at the CERCLA site that their use is well suited to the
particular site. Only those state standards that are identified in a timely manner and are more
stringent than federal requirements may be relevant and appropriate.” The most stringent promulgat-
ed standards are applied as ARARs (Preamble to NCP, 55 FR 8741). According to the NCP (40 FR
300.400(g)(4)), the term "promulgated" means that standards are of general applicability and are
legally enforceable,

3.2.2 TBCs

In addition to ARARs, advisories, criteria, or guidance may be identified as TBC for a particular
release. As defined in 40 CFR 300.400(g)(3), the TBC category consists of advisories, criteria, or
guidance developed by EPA, other federal agencies, or states that may be useful in developing
remedies. Use of TBCs is discretionary rather than mandatory, as is the case with ARARs.

3.2.3 ARAR Categories
In general, there are three categories of ARARS:

1. Ambient or chemical-specific requirements
2. Location-specific requirements
3. Performance, design, or other action-specific requirements

ARARs are generally considered to be dynamic in nature in that they evolve from general to very
specific in the CERCLA site cleanup process. Initially, during the RFI/RI work plan stage, probable
chemical-specific ARARs may be identified, usually on the basis of limited data. Chemical-specific

ARARSs at this point have meaning only in that they can be used to ensure that appropriate detection
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limits have been established so that data collected in the RFI/RI will be amenable for comparison
to ARAR standards. It is also appropriate to identify location-specific ARARs early in the RFI/RI
process so that information can be gathered to determine whether restrictions can be placed on the
concentrations of hazardous substances or on the conduct of an activity solely because it occurs in
a special location. As discussed in the introductory paragraph of this section, detailed, location-
specific ARARs will be proposed in the RFI/RI report. Identification of action-specific ARARs and
remediation goals is part of the feasibility study process and will be addressed in the CMS/FS
report. Chemical-specific ARARs may be deleted if they are found to be inappropriate at any time
in the RFI/RI process. Deletion of chemical-specific ARARs will be based on analytical information
obtained from sampling at OU4.

One medium for which chemical-specific ARARs do not currently exist is soils; however, some
chemical-related, action-specific requirements do exist, such as Colorado’s construction standard for
plutonium in soils. Relative to chemical-specific ARARS, a risk assessment will be performed to
determine acceptable contaminant concentrations in soils to ensure environmental "protectiveness."
At this time, with respect to establishing analytical detection limits for soil, use of method detection
limits provided in GRRASP (EG&G, 1991j), which are CLP required quantitation limits, should

enable meaningful interpretation of soil sample results.

For appropriate management of investigation-derived wastes, as required in the IAG, (Attachment 2,
Statement of Work, Section IV) DOE has developed standard operating procedures (SOPs) for field
investigation activities. All waste generated by the various investigations conducted at RFP will
follow SOPs approved by EPA and CDH. The SOPs satisfy the IAG requirement to comply with
ARARs as they relate to investigation activities. This approach is consistent with EPA policy as
provided in the Draft Guide to Management of Investigation-Derived Waste (U.S. EPA, 1991a).

3.2.4 Remedial Action

CERCLA Section 121 specifically requires attainment of all ARARs. Moreover, as explained in the
preamble to the NCP (55 FR 8741), in order to attain all ARARs, a remedial action must comply
with the most stringent requirement, which then ensures attainment of all other ARARs. Further-
more, CERCLA requires that the remedies selected attain ARARs and be protective of human health
and the environment. Remediation goals will be based on the baseline risk assessment to be

conducted for protection of human health and the environment.

RFPawb.r 3-4 112091



(1/3n) SQIVANVIS ALI'TVAD JHLVM ANNOIYD
(1661 ‘T 1990190) SOEI/SIVAV DIAIDIdS-TVOIWNAHD TVILNALOd

"¢ 419vVL

W 1] 2ruasIy
001 (9 0 0 10 o1 W Sfuesry
12 09 W Auourmuy
000'S +00Z ©1 0§ 10 00T W waurwayy
(1) 000'00% +000°00S 1°0919 ol I SPHOS PRAJOSSIT [I0L
0sL 01093 S I uolog
a1 areradwa]
VALK 1 a4 2aumpNpU0) Syyroads
$'8-€'9|  §8-S9 +§'8-S'9 1°0514 10 dd Hd
00SYNS ) dd usdhxQ paajossid
0093| 000°001 E myng
/2]
£10000000°0 22000000°0 ] d urxolq
osed S o] N s® riourury
™ 001/1 ™ 0ol/1] OIZIEWS I q ([®101) wiogie)
v 2pyIns
000'0S¢ +000'0ST v'SLET S v LU
00001 000°T 0001 000°t 1'vsed S v AN 5% N
000001 000°01 000'01 1°€5€q S v SULIN+IIBINN 5S¢ N
00001 000'01 000°01 1'g5€d S v STeNIN S8 N
000°T 000't 000'¥ +000'T ‘000t ovEd S v apraon]
00s¥a 0001 v uLONYD
000'0SZ » 000'0ST szed S v aplIoyD
101€3 o1 v 218U0qIE)
101€d ol \4 218U0qIedlg
FRUID| Y1) () (9) sOd.L (v) DL @ (s} ©) Tan () IowweIsg
INU[EM [UBmOM . Sumymu(yi - ey ()} (v6'9TUL00H) speon s[poD =809 sH4alL POUPI <7104 |- 2dAL
soptjonuoIpey oD $Q.L|{asmmanBy | Arepucoag| - -uwmngy ‘arv yung PAYY ipar] A pAYT|
9 9IqeL S age], ¥oIqeL| - €9190L) T II9RL| - :19Iq8L sa|qeL|. womenusouos T Yo} T o) o) T )
(3) oypoodg—aug IPIANNG 4 wedqng wmEN wnwpep WnuwIYen wnwIe
(p) sprepumg Auend) Jatem puUnoIn DOOMI/HAD VaOd vMas vmas|: VMAS VMas
SQIVANVIS IVLS SRAIVANV.LS TVIIadd




[

ON 002 W urp

10 ol W wnifrey ],

N 007 W wayuong

10 0005 W wnipog

0 0$ * 001 0s 10 ol W 12A1S

0z ol ot 0 0 ol 15 S W wWnm3eg

10 0005 W wnisseIod

007 10 ob W PPN

ON 00T W wnuapqi o

01 z A T T z 10 0 W Ao

00T 0s + 0§ 10 ST W asoueduspy

10 000 W wnisoudep

00$°'T ON 001 W wanpry

001 08 0s ®o 0s 10 S W pwe]

000°S 00€ « 00€ 10 001 W volp

002 10 o1 W oprieh)

00T 0007 ® ooct £ 000'] 10 [¥4 W 12ddo)

0 10 0s W Q0D

sg17d ol W 1A wnmwory)

961L9¥8MS S W 111 Wnnwoyy

001 0s 0s 001 001 0s 10 o1 W wenweny)

DN 000°1 W wnisa)

10 000°S W wnoE)

o1 o1 o1 S S ol 10 S W wnmpe)

001 | 10 S W wnyhag

0001 000°1 (3) 000°T () 000'C 0001 1o 007 2 wntieg

W A OtuasIV

FRID| FRIH ) (@ sogL (®) 5291 @ ® ()] 1AW © Jopwessd

IMTBA [USTOM, Sunuuqg nE2H ()| (v +9TdI00P) spwon $poD DML o4l POURIW 704} - 4L
SIPIIRBOIPTY ooy $q1|amnoudy | Krepuoseg| . euny a7V wur} PA1 [C25g | AT PAY]
92[qe], SIqeL $olquL] " €918l | | .ZAqEL{ ] 9Ig8l SIqu] | . UONERIUIOUOD O] wmurmeuos | - yweur D T )
(3) oyroodg-—oug SpimaImg o yedqng mnwen wnupep WNWXEW e
(p) sprepumg Ajend) 191 PUROL) DOOMD/HAD ViO¥ vmas vmas vMas vmas
SAYVANVLS HLVIS SAQUVANV LS TVHaadd

(1/8n) SAYVANV.LS ALI'TVAO ALV ANNOYO
(1661 ‘1 19q0190) SOL/SUVAV JIADIIS—TVOIWAHD TVILNALOd

1'e F1vVL




4o 10 d suokey uLIpul

0 0 o do 10 d upuy

do o d 279)|ns wwjinsopuy

4o 10 d 11 uejnsopugy

do S0°0 d ] usj[nsopuy

1200000 ) zo00 do 10 d uuppRId

d uourzei(]

d uopwa]

40 10 d (3aq) MmeqeeW 1ad

40 10 d (aaq) aneqme Lad

$70000°0 W 10 40 1§0] d laa

6194 d sojurAdiopyD

94000°0 W00 0 T do S0 d (surwen) suwpIoNyD

9000°0 (L) €0°0 0 T do $0 d (eydpv) suepiofyd

d JTURIOND

9t ov or P d uBInjoqreD

& ﬂquOum

$8£0000°0 (L) o000 do S0°0 d uup[Y

o1 )1 (OF d q1Es1pIY

d (a-+'7)

001 001 oL oL 001 P d proy anacekxousydoroyaiq-+7

o1 o1 0 0§ o1 P d X2ATIS d1-S'P'T

000T 000's + 000'S 10 0T W ourz

001 1o 0s W uIn{peusA

01093 o1 W uasduny

01093 01 W wauen ],

FWID| ¥R1D () (9 5D9L (8) s04L @ (e) ()] TAN ) 1opweInd

TR EEWOM Sumpunq| . e ()| (b6 +9TdI00P) s[won s[eoD sD4L sOdlL POYPI 04| ‘2dAL
saponsoIpTy omory) $Q.L|smmmondy | Arepuoosg)  wewny a2V ] PAT] PAI] PAl AT i
9 9qeL SoIqEL #2I1qvL}"  €9I9RL| T OIqeL| I 2198l $3[qe ] | - - vOREQUIOUOD WOD| - UEUTW RO ) T o)
(3) oyrsadg-aug apimamng o wedqng wwxep W WRIXEN wnwepy
(p) sprepumg Apend) J9BM PUNCID DOOMOD/HAD Viaod vMAS vMmas vmas vMas
SAYVANVLS J1VIS SQEVANYLS TVIIadd

(1/8n) SAYVANVLS ALITVAO d9LVM ANOOED
(1661 ‘T 1990190) SDLL/SAVAV DLAIDFdS—IVIIWNEHD TVILNILOJ

I'e 471dV.L




(I/80) SAIVANVLS ALI'TVNO J9LVM ANNOID
(1661 ‘1 12q015Q) SOL.L/SAVIEV DIIIDAIS—TVIINIHD TVIINALOd

I'e41dVvVL

100 a4 (17104) 1z wnpdLISUY
s0°0] SO0 a (1od) wntonsury
0t £ 4 3 dd nzeIY
do 1 dd 0921 107001y
o 1 dd $ST1 I0pory
do S0 dd 8471 lofpory
do S0 dd Tyl 10001V
do S0 dd Z€T1 Jopory
do S0 dd 1271 101001y
o S0 dd 9107 1o[00ry
d 7 swuodep
S S oS 0 £ F to] 1 d suoydexo],
ot s d swmzewls
6L0000°0 L) o000 0 S0 do S0 d sg0d
d ﬂognunnm
d X3
001 001 001 ot or 001 40 S0 d 10o[y2AXOyPI
d uornBEN
9810°0 L4 oy 0 (4] ¥ o S0°0 d QuUEpUL ‘QURXaYOPASCIOTIRXIH
MNﬁo.O .« .m —ﬂouéoo.ﬁ .UEKO——O—Q%OOuOEOEKu:
LU WOO 4 Q:OQ .vﬂuxu—_O—o%QOuciuakom
M0~OAO &U WOO d 30@ .stu-.—OG%QOhOEuﬂKo:
7600°0 do S0°0 d rydpy ‘susxayo[4d010[yoexay
) 000 0 70 do S0°0 d apixodg sopyomday
82000°0 (L) 8000 0 0 4o S0°0 d ToyoBdsy
d uonng
FRID| {RID () (@ soglL (s) 5091 @ (®) ()] TAN () . 1opwBIed
INUEA UTWOM -} “Bunpug | esH )| -(v6"+9TUID0Y) spwog s[EoD Lel: W sDEL| " POWRI 704} - 2dAL
SIPIPNUOIPTY smonD $A1|smmoudy | K1epuooog | o~ vwmny a9V ] PAr] 12491 A Al
9 91qeL, S SI9EL yolqel|{  €919EL{. .TOI9¥L| = 12I9eL so[qu},[ - vomERUIOUO) | IMMITERIUO) | FWEUTWHNUOD (vl ¥ o)
(d) syraodg-aug opimae)g o wedgng WNWTXEN wNwhey WHWTYB WADTXUN
(p) sprepumig AN 2a1ep puno1n JOOMI/HAD V30U vmas vMas vMmas vMas
SAIVANYLS ALV1S SAQYVANY.LS TVIIAdd




o] 0s AS Jousydonmn-4°z
e} ol AS Touaydifpounq-+'7
1T [Ye) ol AS [ousydoroyaa-+*z
Tl we $O o1 AS [ousydoIoyoI L-9'4'T
00L el 0s AS JousydoIoaLI[-G'p*T
SL SL SL sO ol AS (u1eg) SUsZUQOIOTYINA-b'
079 sO o1 AS (919N) 2USZUIQOIOTYINA-E"
(1) s0'0 q AS surzeipAyiAuaydiq-z' |
079 009 009 e} ol AS (oquQ) suszUaqoIONYIA-Z' |
o) ol AS SUBZUSQOIOMYIILL - T |
e q AS QUSZUAQOIOTYIBIR L-$ H'T |
ot S d (1109) (moL) watwein
9°0 a4 (1tod) geg wawein
90 d (110d) sz wnwern
L (1104 pET+EET WNTURIN
00S| 00§ (2) 000'02 (€£) 000'0T d (1710d) wonrp
@09 q (U10d) 7£T+OET WNHOYL
8 8 @3 €8 b (1n0d) 06 wnnuong
1 3 110d) 06+68 wnnvong
@s S W oso d (10d) 877+9ZT wnpey
S00] SO0 d (110d) wawomig
@1 100 b (/10d) OpT+6£7+8€T WNtUOINIJ
61 S 1 jwarw ¢ (34wa1wt ) o ¥ d (/10d) wag sso1n
I L 91 (8) 51 z h: (1/10d) eydiy ssoip
1 h: (10d) L£1 wnisa)
08 08 (?) 08 1 | (1104) p£1 waisa)
¥uD| ¥1D . () (@) 5041 (8) sD€L @ (s) ©) TAN © IopweIRg
INUTBA [UWTOA Sunug neH (P} - (v6"v97A1001) spon spop | sOAL D91 POTRIN 04| -92d4L
SIpToNTOIpTY omorD sA1|ammopdy | Arepuooogi -  uvmny a7y ] Parl PAYY| PAsT Ay
9 9IqEL S 91qeL $alqeL| €919%L| T2IqeL| - 19198l $o[qu] | - UOHWOUOOUOD) o) T o] o) WoUTwEILOD)
(3) syroadg-ans opimarng J vedgng ey wnwTp wwneW WAWTXON
(p) sprepumg Anfen() 1a1pp pUROID DDOMO/HAD VaOd VMAS vmdas vMas vMas
SAYVANVLS TIVILS SAVANVYLS Tvazaad

(1/8n) SAVANVILS ALI'TVNO JYFLVM ANNOYD
(1661 ‘T 3990190) SDEL/SAVAV DIHIDAIS—TVIINAHD TYLLNALOd

I'e 4T4VL




91

(1/3n) SQAVANV.LS ALITVNO ¥ALVM ANNOAD
(1661 ‘1 3290190) SOEL/SAVAV DIHIDAdS—TVIINTGHD TVIINHLOd

"¢ 41dV.L

Ne) o1 AS joyoopy [Azuag

e o1 AS suareionyj()ozuag

$O o1 AS susliad(r'y‘8)ozusg

o] ol AS suaueIony(qlozuag

$O o1 AS suaskd(v)ozusg

$O ot AS suassIpuR(B)oZUSY

sO 3 AS PV otozusg

T1000°0 1'of () o000 P AS surprzuag

e of AS susdwnUy

so 01 AS ousyyduussy

$O 0s AS ousydoniN—+

S0 o AS sumumonIN-#

[Je) o1 AS TouaydiApopW -t

sO (114 AS ouaydAipew-g—010[Y D~

e o1 AS 19 YAusyg 1Auaydoromyd—

so 01 AS SUIIUBOIOTY D

Lye] 01 AS 1sypAuoyd JAusydowolg-p

$O 0s AS fousydjArm-z-onmg-9‘y

e 0s AS QUITTUBOININ-E

e 0z AS suTprzusqoIoTYoId—£ '€

e ol AS fousydoniN-7

byel 0s AS SUIUROINN-T

BNel 0! AS fouaydjAnopN-7

§O [} AS suapeyydeuidyieN-7

by} 01 AS jousydoloyDy-g

$O ot AS suaeqiydsucIoly)-7

§O 0} AS UN[OONTIN (‘T

¥uD| 321D ©) (@ sog1 () s08L @ (®) 9) TANW ©) Iopuwered

INTTBA [URTIOAN Sunjuuq| - - PEH P}]: {v6'¥5TIAD0P) s[Eon s[eoD sOEL $OgL POURN 0d| oL
SOpHONTOIpEY Sl e] SQL|2ammaudy | Arepuosog | . “uwmny a9y bliciyl oAy Ay sy Pl
9 JIqEL S JI9eL ¥ 2198, €£9[quL| - T 2IqeL I 21q8L QU] | - WONENUIOUOD) |- . JuwUl YD e ol Jupuy D T D
(3) oyroedg-—oug pimarEg 4 wedgng wnuYeN wnEmep WnumTe mETXEN
(p) sprepums Aupnd) Jomm ponold JDOMO/HAD vidd vmdas vmas vmas VMAS
SAAVANVIS dIVILS SAYVANY LS TvIIadd




[

SUDPHINGOIOYIUXSH

(1/3n) SAUVANV.LS ALI'TVNO dALVAM ANNOAD
(1661 ‘1 1290190) SEL/SAVAV DIHIDAIS-TVIINTHD TVLLNALOd

1'¢ 4T1dVL

940 ¥l sO o1 AS

L0000 Wwo £ye] 01 AS SUOZUIQOIOTYIBXIH

AS s1oyRoRY

AS apAyapeutiod

$O ol AS suatonyy

sO ot AS sustueIoniy

000°L P AS 10941 Fudhipg

$O o1 AS arepyydifo-u-1q

$D ol AS appEpydiling-u-1q

e} ol AS suanjolonI(y

SO o1 AS awpepydidpewtq

$O ot AS srEyydidipstg

100 SO oz AS suIpIZUAgOIoTYI]

AS SUIZUI|OIOYII(

e} ol AS suadenpuB(ye)zuaqrq

§O ol AS ueInjozuaqi(]

$D o1 AS suesAnyd

1 AS touaydoropyd

e} o1 AS sIRlAYIEOIONYD

AS souareyideN parwutIoN D

AS SISE PISULIOND

SO ot AS awpyydidzusqihang

AS suatpming

$O 01 AS arepeyyd(Axay1ApnI-7)siq

o] o1 AS 1aa(j4dordostoroy5-7)siq

LEOOOOO O () £0°0 e} 01 AS 13a(1ANe0I0[D~7)s!q

[Je) 01 AS swepaw(Axoya0IoyH-7)sIq

¥1D| Y1) ) (9) s0gL (®) 5081 @ (%) © TAW ) Iopwereg

INUEM rsmom ! ‘Bupug)c WEeH| (P} (6 9THI008) oD, sEoD sDgL +sDgL PPN 04| odAL .
SIpIPRUOIPTY ooy $q1|sammoudy | Arepuoseg| . wwmngy LAY o] PATY 1A RAT Ay R
9 91g8L, S 919eL ¥oIqRL{ - €2198L| “ T 29WL| [ PI98L $[qEL [ ToRERUSINOD| - Y D| . aweuy ) D T ]
(3) ayroadg-ang IPIMTIBIS J wedgng WNoepw WA Ll WnWXeH
(p) sprepuaig Qipend Jaem PUNOID DDOMO/HAD \2:lo)| VMAs VMas ‘VYMaAs VYMAs
SAYVANVLS FLVLS SCRIVANVY.LS TvHaagd




SAEVANVLS J1VILS

:14 AD S A BP0 LT 1]

Lo AD S A QUBIS0IONIBIRL-T T 1]

00T 007 002 AD S A SUNPPOIOTYIUL-1°1 ‘]

z 0 z AD o1 AS spuoyD 1AWA

87000 q AS| suoqiesoipdH snewory respnuiiod

AS SIIsH VPR

I el 01 AS fouayd

bye] o1 AS suarpueuaYq

00 ®o (OB [Ye] 0s AS [ousydolofyaeiuag

wo q AS 2UIZUIQOIOTYIRIUS

q AS SIUBYYY PABULIOTYIRUS]

[Ne) ot AS surmre}Ado1dip-u-1p—0SONIN-N

(4 qs0 01 AS surweduaydiposonIN-N

9100 q AS suptjoxxkdosontN

10070 q AS QUTBYAYI2WIPOSOININ

80000 q AS 2UTmBARIPOSONIN

+900°0 q AS ARWUAINQIPOSOINN

AS SOUTWESONIN

AS sjousydoInN

Wse $O o1 AS SUIZUIQONIN

$2 ol AS suapeyiydeN

050°1 $O 01 AS suozoydos|

e} ol AS aua1kd(po-¢ ‘7 1)ouapu]

AS snzeIpAY

61 sO o1 AS SUBOOIONYIBXIH

(34 [Ne) o1 AS suatpmuadopLsoionysexsy

FRID| FRID ) (q) sodL () sO9L ()} -i(e) ©®) Tan () 1puwered

NUMBA [USTOM Supuu| PRl (P} (v +9TUIO0) sTeoD . $[UoD sDdl sDgl PR TOd|- odAL

SopTPnuOIpRy ooy SQL|2rmmondy Arepuodeg | Uemng a7V et PAY] PAYT TPad] PA]
9 2qeL S S9EL ¥ 21q8L £99el| ~7ZT2IqeL| . T2Iq8L $[qe]! . vome o] ¥ o IR Ll o} oD moy
(3) orpoadg-ang SPIMIIMNS o wedgng wnoxepw wWamrxe WHTITXTN WNWTXEN
(p) sprspuvis ANpEND 21 PUnCID ODOMO/HAD Vioa vMmdas vAmdas vmas vMas

SAUVANVY LS TVIIadd

(1/30) SCEAVANVIS ALI'TVNO YH1LVM ANNOID
(1661 ‘1 1990320) SOELL/SAVIV DIADIdS—TVIINTHD TVLINALOJ

I'e 414V.L




6’1

AD [ A suwRwoloydowoIqiq
AD O— A 05§EOHOEU
*001> 001>
61°0 WHL 1L WHIL 0L AD S A wiojoIoMD
AD (11 A SUBROIOTYD
00€ 001 001 SO/AD S A SUIZUIQOIOTYD
SO/AD 01 A SPUIZUDY PABYLIONYD
S 0 S AD s A SpLIOMOBIR | UOQIBD
AD S A apyinsiq voqIe)
AD o1 A susewomorg
AD S A urojoworg
AD S A QUBYPWOIOYIIpowolg
s 0 S AD s A suazusg
850°0 3 A spnofIoy
AD ot A suopIY
AD ot A suotmud—z- AN
AD 01 A auouBXaH-7
AD O« A 0=0§:MIN
AD < A (swen) suadordoromorg-¢ ']
AD S A (s10) ouadoadoromyota-¢'1
Woso 0 S AD S A susdordozoytq-7'1
oL 001 00¥ " A (sweny) auaR0IOTYAT-T
AD S A ([m01) SUaYROIONA-T 1
oL oL oL 8 A (s12) suspeoIOMd-T 1
9 0 S AD S A auByIe0I0MYNq-T
L L L AD S A suayIR0Iod-1 "1
9'0 AD S A ausnoIONYJ-1'1
FRID| FRID [&] (9) s0gL (8) sOgL @ (v) © TaW ) Iopweied
INUTBA [UBTOA Sunpuq| - ey ()| -{+6'+9TdAD01) s@oD s[eoD - 8041 sOgl POTRW 04| 2dAL :
BIPIPNUOIPTY JworyD sal|smmoudy | Arvpuosog | - wemny a%»v g 1oAY A PA] Al :
9 21qvl. [dCiA o1geL| €2[9BL|  T°I9eL| - T 9Iq8L $9[QB] [ . ONENUVOD o) Vo) D T 0
(2) syredg-aug PTG 4 wedgng WnmeH wnwrxvpy wnwIep wnutup
(p) sprepumyg Aiend) 195 PUROID 3OOMI/HAD Viou vMas VMAs VMAS VMAs
SAYVANVIS ALVIS - STIVANVLS TVYIQad

(1/8n) SIVANVLS ALI'TVNO ¥91VM ANNOID
(1661 ‘1 31290190) SOEL/SAVAV JIAIDIdS—TVIINTHD TVILNHZLOd

I'e 4TdV.L




ot

000°0t 000°0% AD S A (1m107) soualAX

AD o1 A 21mEoY AuIA

9 0 S AD S A AUSYINOIOMYILL Y

AD S A SIUBY)IOIOTYILL L

0ZY'T 000°1 000°1 AD S A suanjo]

80 o1 0 S AD S A SUIYIROIONYIBIP ],

AD S A SOUYP0IOTYIBIIR |

001 001 AD S A auatlyg

o] o1 A aua1kg

AD S A apuoyD AudAYRN

61°0 001 001 A SOURYIPUWOH

A aprXQ auslAy

+000°0 0 SO0 P A SpruIoIqi( U4

089 00L 00L AD S A suazueqg [Ay1T

A sauayleoJoTydIJ

Y01 ¥301D : ©) (© 508l (8) s0€.L @ ® © Bleiy| (9] IapureIng

INATUAR USTOM Surquuq|  WDERH )| (#6°"¥9T41001) s[von s[poD sOglL $D™L POTIPIN 10d| 2Ly

sopRRuoIpEy sruor) $A1|ummoudy | Lrepuoosg| - uwmny a7V oy PAv] 1A PAg | pay
9 9981 S 34BL LA I A A A I S I G sojquL | vonwuaouo) | - JUTHTEIMEOD) Tore)uo 0 o) Jueuy )
(3) orpisedg-ang pImANMS J pedgng WAWTBN TIVWIXEA wowmTxey WNWIXeN
(p) sprspumis AEnd JareMm PuUnoid DOOMO/HAD VHOU VMAs YMas vmas VMQas

SQIVANV.LS LV1LS

SAAVANY LS TVadddd

(I/81) SEVANV.LS ALI'TVAO JILVM ANNOAD
(1661 ‘1 12q0190) SQE.L/SAVAV DIIDTIS—TVIINTHD TVLLNILOd

T'e 3 1dV.L




1y

*pRIdaYep SIAUWOSY [ENPIATPUT-IMYT = § ‘spuod 23 18yosIp UT PRIOTUOW = 3 {proyuow £punnol 10U = p
{AD W DL $€ pARIRP =2 tg0 T SOLL 5% PP = 4 {AD WI [0101 59 pABRP = ¢ tyda=1 {1s8d-d10=dD ¢153d-vdI=dd - JANES~d10=5D VOA- —dTID=AD 1410-U0u=0N - v 1-d10=10 21® suonulA21qqE PO )
QMIVIOA=A SMBIOA-TIAS=AS ‘aprponuolpei=3 umUm\oEu:w&umm oprousad=d ¢ (Eem=N * Goedtpn=l - < mpureied pPY=dd quswale=4 (UXoip=d twoned=7) ‘B1IAVEq=g ‘gone=y (I8 suonsIARIqqe 2df (5)
{ st gzg watpel 20) TAW t¢"0 St 97 WPRY 39§ Jan )
<1fpmoamm  PaAIXR YU [IRYS MOIIELT 3U0Q O} SIWI[UAINDS 350p [ENUUY X3} JO UINS 9N ~uasad are wnnl puev Qg-wnuuons noq 3i (€)
(p) W TG TTE 998 398 — SpIEpUR)S IPIAVCIPEL @
QATIOLIISAT 1583 ST IAAIYITYM ‘JoAdf punoiFxoeq oY1 $AWN [vAl B y3us pop St PIEpUEIS (p) U1 ¢ 91981 995 - pivpuels SAL m

UOISSTUIWo)) 10NU0Y Anpend) WM = 200M
sshpuy ol 9msA = VOA

o3 35d swreIdoIoTUl = 1/3n

sapI[aNUOIPR] 10 INDT] UOHXRR( waumy = TAW
s

punodwo pAYTILaP] Apanmual = OIL

sawspwopqu L ML= WHL
] ohpuy R3wL = TVL

oy 1018 Sunpuu 94es = VAOS

1oy A19A099Y pUT VORBAIOSUOD) 2DINOSAY = vidu

Wy vonmnuend) EoRoRld = 10d
Auoydiq pawunzoppijod = aod

1931( 324 sounoootd = yod

KouoBy UONOAIOIJ TRUSUINCIIAUT = vdd
weidosd A10j910qR] PENUCD = a10

yeey Jo ywaupedaq oprIoe) = HAD

2UREWOIOTYIOWOIQIP QUBPSWOIONYIIpOWOIq “w10jow0Iq ‘WICJOIONYD ‘soupOWOEULL [¥10) = «*
s ], {[249] WRUTHEIU0D wnwixew AJBPUORS = ¥

e |

Fidvildo NOLLVNV 1dX3

g opweIed
SIprPNUOIPRY swoND sqai|emmoudy r_§_§m v . , : :
9 919%L S 2IgEL poyqel| - €ol9PL] 2L v T T T : ‘

@) opoedg-ong
3 sprepuuls QPN 1aTM PUNOID D00MDHAD

SEUVANVYLS Tvasaad

SQUVANV.LS 31V1S

(1/8n) SQYVANYVLS ALITVND YELVM ONNOAD
(1661 ‘1 12G03190) sDg.L/sAvVIV SLAIDAIS-TVOIWHHD AVIINALOd
1°€ A79V.L



“(1661/S/€) 0°T1 € ‘1978 PUNOID 10J SPIEPUEIS KU[END) ISIBAL PUB SUONEIYISSEL) ‘WOISSIUNNOD [01UOD Anend 39epm/HAD (B)

“16/9/11 3An%a12 (16/L/9 '09¥9T ¥l 95) TH1 PUP [T AO O ‘39ddoD puw pea] 10§ suonpindoy 191 SUNUIQ AW [PUOTEN PU S[E0D [2A2] WRITWRINC) WawTXe VdT ()
(1661/1/L ‘99Z0€ Ul 95) €661 ‘1 Arenueg 2Andagyg ‘oIny PULL ‘€v1 ‘THI ‘11 SWBd 4D OF ‘suonenday 1018 SunuULI A1epuoces pus Arewrrid feuoneN vdd ()

0661/11/6 pepusme £861/5/1 (3-T001 WOD §) 0 11°¢ ‘1918 PUROID IOf SPIBPUEIG Jiseq SY I, ‘UOISSIUNLO] 10NU0yH Anpnd) 120 /HAD (P)

9861 5UINY '900/68-D/0VS/VAT [ENUBY SME 19PO P 2ousl(dwo) VIOYTD 1p9L8 WS S 21aWFId dON ‘00€ Y42 oF ‘dON ()

(1661/0€/1 '9TSE W 9S) 7661 “OF AInf 2an0ayg ‘2[ny [PULL ‘£p1 Trl ‘191 SH8d ¥dD OV ‘suoneindoy 101 SupjuLrq Arepucdes pue Aieuiug uonsN vdd (V)

(066175 10 58) €41 MID Ob PUR 151 YAD OF ‘SuonvnIsy satepm Supquiiq A1apuosss pus Lisurtid [BUOhEN V4 (®)

‘wntuein sapnjoxs vydye sso13 o on[wA (8)
-pawpueis st 7[Od 210521911 “1OJ (we yuaSuLns o10w) moleq st pavpusls (1)

¥eoID| X1 ) (@) sDgL (s) sD9L @ (® © 1AW ) IopwvIeg
uTEM [Uemopm Juruqg MEIH P)|- (r6'v9793001) spRoH s[BOD Lo 0 A sDEL POYPW 104} 2dAL
saptjanuoIpey stuory) sa1|esmumouly | Arepuoosg| . wemnh anyV pur] PAr] A PAYT AT
9 91qeL S Jqey, polqeL| - €9qeL|- - ZPIg8L] T oIl so[qu] |, UORENUIOUOD)| - JUEHT D] ot Dl - ieurmeREe) JUTUTIEI00D)
(8) ograsdg-oug SpIMANEIS o yredqng WNWEHY wnwnEW WWXEN mnwHEKW
(p} sprmpum§ ANERY) Jagam PUNOID DOOMI/HAD h4&: fer: vmas vmas vmas vmas
SQUVANVIS ALVIS SAYVANV.LS TVIIad:d

(/8n) SAIVANV.LS ALI'TVAO JELVAM ANNOID
(1661 ‘1 1990190) SOEL/SIVEV DIIDHdS-TVOINGHD TVLINA1O0d
'€ I19VL




el11 +48900° €S ofl 10 S| W wnijAseg

000'1 ) 000'T @ 000'T 000°1 10 00z| W wnueg

8 058 W A oruasIy

061 09€ W J1] oruasIy

SLIO T200° 0 1o oIff W STuesIY

000°SY ol 0091 000°6 10 09 W Auournuy

L8 osL +00T ©1 05 10 ooz W wmnmary

000'0SZ sS sS +000'00S 10911 ol I SpHOS PaAlossiT ToI0L,

01093 S 1 uolog

SS sS dd sanjeiadura ],

1o71d 1 dd ssumpnpuo)) syroads

659 +$°8-S9 10519 o] dd Hd

000'S 0SS ol dd ueBAxQ paAtossIQ

ooed| oooool| 3 njg

$10000000°0{  £10000000°0 10000°0 10°0 P a uTxol(y

JURUND0P BLIANIP 228 — uduv:&uv v.:.:au&uuuu ﬂﬂﬂ :Q I8 BN Ommm m U Z 8 RIUOWIry

™ 001/t DITTIENS 1 4 (1e02) wiojyo)

v spyIng

+000°0ST t'sLET sl v wyINg

000°1 000t 1"psed s v SUIMN B N

00001 000°01 1'esed sl v SADIN+NBNIN 58 N

00001 000°01 000°01 1'esed sl v emIN S8 N

000t 000t +000'T ‘000't oved sl Vv aplnofy

1 61 005+d 0001| ¥V SuLIoMD

(2)000'0£7 (2)000°098 +000'05T sred sl v SPUOND

rored orf v JBuOqIED

1'01eg orf v syBuOqIEDlg

Ao uonsaduy (@) spdlL (¥) 5091 @ (8) Jan| @ - Japurereg

vondmnsuoyy Lt oNEA anpep s[poD $[e00 sOEL (s) POYPI 04| AL

st PUT I3EM ooy 2y P PAvl 1A PAY]
() 5041 IFeH WmnH () 5091 SJry-onenby | JreTT@ENO) T oD |- weur ) yuvur o
.«O g«ﬂ-gcuh .—Gu 83< MQ =Omu§h uo.* UNV>)< E:E«Kﬁ.: E:g a:amnaz E:gz
VMO VMO vMas vMmas vmas VMAs

(I/3n) SAYVANVLS ALITVAO d9LVAM HOVANS TVIFadd
(1661 ‘1 19G0190) SOLL/SAVAV IIADHAIS—TVIIWAHD TVLLNALOJ

CEHIIVL




T

(e) 011 (£) oz1 » 000'S 1o 0zl W amz

10 os| W wnIpsUBA

01093 ofl W uasBuny

01093 orf W warue ],

ON 00z W wy

8y €l Moy (1) 00¥'1 1o ol W wnyeyL

ON 00z W wnnuong

10 0005 W wnipog

0 710 ©1ry + 001 0§ 10 ol W 12ATIS

ol s (P) 07 0s 0$ 01 10 st W WS

10 000s| W wnissmod

001 vEl (£) 091 () oot't 10 or| W PWIN

ON o0z W wnuapgAIOW

9%1°0 ¥+1°0 2100 ¥t T T z 10 7ol W Amazsy

001 0s + 0§ 10 SIi W asoueduspy

1D 000S W wnisaudepy

ON oot W wnmry

os (A F A (©) 28 ®o 0 10 S| W pea]

00€¢ 000'} + 00€ 10 0wl W uo1f

002 s w 1o ol W apiueh)

[(3X41 (€) 81 @ oog‘1 +000'1 10 stt W 1oddory

10 os| W plLl o]

0s n 91 $'8179 o1l W [A wnnwory)

000'EEVE 000°0L1 (14 00L'T 961L9¥8MS sl W [1] wnrwoiyd

001 00! 0$ 10 o1l W wnrwoiyd

ON 000'1] W wnisa)

1o 000's| W wnpRD

o1 © 11 €) 6¢ S S 01 10 sl W wnrmpe)

Apo wonssdu] (QsogL}  (s)s0dL @ ®)] = o1an IspweIsq

vopdumsuo 1y LLILT anpeA spon S[eoD|- sDEL (w) POPIN TOd|2dA1,
-—d—nm ﬁ—-ﬂ uﬂ«ﬂ? OEOEU NANOY ~U>Q\H ~0>0\~ —0>3 —OE 3

(o) 5Dd.L e vemny () sDgL 9T 2nenby | yuerr 0| yueuTIrnuo)) [ yUwT D T o}
.uc ﬂQ.RvO«O.-nm .—O.« 83< .«O dognm uOu 83( E:E._.KQE E:Eg a:gdz E:Ei:
YAD VMO VMas vMmas vAMas vmas

(3n) SAYVANVLS ALI'TVNO YALVA HOVINS TvIFadd
(1661 1 12G0190) sOE.L/SUVIY DLITDAdS-TVIIWNAHD TVILINGLOd
7€919vL




[ %4

m0.0 ON NO N.o 4 d0 M0.0 nm suren) Aucdv—:\—v .uixo:o—uhs.-ozudxom

$I0°0 £210°0 3 d [BaNN22 |, ‘SUBXAYO[IAIOIOYIRXIH

d0 moo m S—OQ .D—_.QKOLOau%OOuOEUHkUm

L¥S0°0 £910°0 P te] s00| d wRy ‘UBXIYOPAI0IOTYIBXIH

1£0°0 T600°0 do sool d wydly ‘ouuxayojoA>00[yIeXaH

0 70 do soof d apnrody opyomday

62000°0 $7000°0 8€00°0 %0 0 $0 do so0f d so[yondag

10°0 d voppiny

4o o] d suop)| UHpug

1 £200°0 81°0 0 do ol 4 uupug

do ol d 218jing UBy[nsopuy

o ol d 11 uejinsopuy

65T vL 950°0 0 4o sool d 1 uBjnsopuy

9L0000°0 L0000°0 610070 ST 4o 1ol d uppRid

d vouzui(]

~O nm ——OuOEOQ

050°1 do 10 d (aaq) sweqerw 144

900 o 10 d (aqQq) aweqwmaw 1ad

$T0000°0 $20000°0 11000 1 4o 1o d laa

1%0°0 £90°0 6193 d sojuAdroy)

Y0000 9%000°0 £400°0 T 0 T ddo S0 d (swwen) SUBPIOTYD

850000 91000°0 €400°0 ¥ 0 4 do sol d (sydiy) suepiomD

TusloNyD

or ov P d ueINjoqIE)

d =0ﬂ50um

6L0000°0 PLO000"0 0t do soof d uLpLY

01 We d qIeo1plyY

oL oL 001 P d| (a-+'7) prov oneosdxouaydoioynd-4'g

0 0$ 01 P d X2ATIS d1-§'¥'T

4po wonseda] (@ sogL| - (s)s0dL @ (8 Tan| D) Jopurere

vondwnsuo) gs1g ELICTN nBA SO s[EoD sDEL (® POYRIA 10d]| 24K,

ys1d pU® I8 srwoxy) amoy PAY] PAY] 1°A] PAv]
{(3) 8091 WeeH veWnH (2) 3041 9Jr] atenby T o) IEEIH0) | v D jueur o)
Jo wonxnold 101 DOMV JO.UopsM0ld 10] ODMV | WNUDEN | WXy | WamXeN WU
VMO VMD vymas vmdads vMas vMmas

(I/8n) SAAIVANVLS ALI'TVNO YA1VM FOVINS Tvadddd
(1661 ‘1 1960190) SOEL/SYVIEV DIHIDFIS—TVIINAHD TVLINALOJ
TEATIavL




St

#+£L000°0 #+1L000°0

*+6L0000°0 *+6L0000°0

001

7000°0 £L0

v10°0 07
€100 $90°0
100°0
€0°0
10°0

oy

»T

S0

or

(9) 8

(3kmarr v) 0§
(on st

001

d0
do
d0
do

d0
[te]

do

do

dD

1
6 1°0/5°0
100

S =~

S0
S0
0
s0
$0

bRy

Y

o o oo d oo

dd

od) Teg+0Ez WOy
(10d) 06 wanuong
(17104) 06+68 WnnUONS
(110d) g7T+97T warpry
(11Dd) ovT+6£Z+8€T WnTUOMIJ
(y1od) wnwoinig
(110d) wpg sso1p
(r10d) eydy ssoip
(1nod) LY watsaD
(110d) g1 wnisa)
(10d) 17 wWordLIWY
(10d) wnmEoUry

surzeNy
0971 I0]o0rV
$ST1 10]201Y
8YT1 To[pory
TPl 10pory
FAYARELICond 4
17T1 Jopory
9101 107201y
7 mnuodsp
suaydexoy
QuIZRWIS
sgod
uvolpeied
XN
BIGURTS Gl a3 %
uoe[eN

Amo vonsadu]
wondwnsuo) sty
ystd puv 1M

onpA| MEA
smoryy amoy

() 5091 WMoY wewny
Jo uomao1g 30] DOMV
VMO

(2) 5DAL o] atrenby
Jo uorpmoid 30J DOMV
VMO

[CYEe: A
s[eoD
Pao]

() s081
smop
pav]

@
sogL
A]

(s)
A

o]
WRue
vMas

4 J
wnwre
VMAs

J
WXV

VMas

o
wnwep

vmas

(8)
PO

1AW
104

E-En.n.n..n-mn.n.n.

3

Jpuele]

(I/3n) SIVANVLS ALITVNO JALVAM FOVIANS TVIHadd
(1661 ‘1 19G0190) SOLL/SAVAV DLIIDIJIS-TVOINTHD TVILNILOd

7edTdV.L




o) 01| AS SUITUPOION D

[5e) 01l AS Iomeusyy jAusydoworg—y

$O 0S| AS [ousydjfipem-z-onwd-9'y

e} os| AS SuIrIeOIN-€

700 10°0 $O 07| AS SUIPIZUAGOIOTYIN - '€

$O of| AS TousydoniN-7

sO os| As SUITURORIN-T

$O oI AS TousydiAyPN-T

o) ol| AS susppydeuiApen-7

(1) 000 (1) 09¢'y $O o1l AS fousydoloyd-7

o] 0l{ AS suapeiydeuolon -7

» 16 + 110 sO oIl AS susn[ole g7

§O os| As Jousydoun1-'g

moue Bye) ol AS TouaydjAPuwI -7

060'€ (1) 59¢ 1) oz0't NeJ o1l AS Tousydolopyatq-4°7

29 7] ) oLs $O 01| AS fousydoIoMO 1-9't'T

008'T o) os| As TousydoIooH 1§ 'T

SL SL $D 01| AS (vavg) 2UaZUIGOIOTYIN-1']

o] 01| AS (IR 2USZUIqOIONYIN~E

oLz q AS surzeapAyrAuanydiq-z°1

009 009 $J 01| AS (oY1 Q) 2uazU2QOIORJ-Z']

$O ol] AS 2UIZUOIOMYOU L'

14 8¢ q AS QUITUIQOIONYIRIR L -C' YT ]

b (1/10d) (101) wnrwe1n)

90| ¥ (11od) ggz wnpusin

90 ¥ (11od) ez wmuelp

3 (10d) peg+EET WrUBIn

(9) 000'0T o (1od) wanuy

Apo vonsaduy (@ s0gL| . (8) 5041 (CY) : ® TAN| (L) Jopurelsg

wondmnsuo) e SlLTN anpA s[eoD spon D41 ®) PO 04| 241

gstg PUR J3TRM ooy oy AT AT Pas] A
(2) 504l MEeH vemny (2) 3041 9j1] suEnby T D T D o L)
Jo vonnoig uO.u UO>)< K .«0 uondxNlg oy UO;< WNWIXEN WNUNEW E:ﬂ-..nxﬂ: ﬂu:auxd:
VMO : VAO vMas VMAS YMas YMAs

(1/80) SQUVANVLS ALITVNO YALVM JOVIANS TVAAddd
(1661 ‘1 1390190) SOEAL/SAVIY JLIIDAdS~TVOINIHD TVILNHLOd
TEATaVL




L4

009'T oot (1) oL o'y AS $OUSZUIQOIOYOI]

e 01| AS QU20BIUE(Y B)ZUSqI(]

Yol 01| AS ueInjozuaqIg

SO 01} AS susshoyD

AS ousydotopyD

(1) 000°8€T ) of| As s3oyp| LRI D

(1) 009't AS souopeydeN pareuLIoON D

AS s19qg pAWULIOND

SO 01} AS appupydilzuaqiing

AS susipaing

000°0S 000°St e} 01] AS sweyd([Axoy1ApE-g)siq

09€'y L'¥E [5e) 01| AS Ioyp(jAdoidostorony-7)siq

o 971 «£0°0 (o) o1] AS 1YR(JAYIR0IOND-7)s1q

SO ot| As susyR(AXOROIOND-T)s1q

$D 01| AS oyod1y [Azueg

$O 0l AS susthusionj{(3}ozusg

o) ot| AS ousihaad(1'y‘B)ozuag

(el 01| AS sumpueIoNnjj(Q)ozusg

$O 0l} AS susikd(v)ozuag

(Yo ] 0l AS 2UIENIUR(B)OZUDY

el 0S| AS proy slozuag

£5000°0 T1000°0 00S'T P AS suiprzuag

e} oI AS suadERAUY

) ozs (1) 00L'1 el 01| AS suoydeuasy

(1) 0s1 (1) ogL $D 0S| AS jovaydomn -

sO 0S| AS SWEONIN~-H

Ryl 01| AS ousydiAiaN -t

mog $O o1l as Tousydifyruw—g~010WD-4

$2 0[] AS Joyrg [huatd [Auaydoom-¢

Apo wopsadu] (@) s0gL|~ (¥) $041 @ (8) aan| @ 13pueIey

sondmnsuos ey anmA anpEA oD spon sOH.L (8) PO TOd| 2441,
, YStd| o pus JoEm srworg) amoy A Joas PATY PAY :

(0) 5091 - YieoH TwmIngy (2) 5041 -9Jr1 onenby Twwuo) T o] T JollE o
Jo uorpor03gd 10§ 83( Jo woRON0Id 105 DOMV WY WANTYER | OAWTXEN WNOIXeN
VMD VMO vmas VMAS vmas vmdas

(1/8n) SAAVANV.LS ALI'TVNO YILVM HOVIANS TvAAddd
(1661 ‘1 1990190) SDUL/SYVAV DIAIDIAS—TVIINHEHD TVLINDLOd
TEATIVL




Lt

1 ool't (Morz'L q AS $oURNY PAWULIONOTUS]

q 01| AS sutwe|Adoadip-u-1p—0sonIN-N

w1791 6y q oIl AS sutweAusydiposoIN-N

6’16 9100 q AS surprjorsddosoniN

9t ¥100°0 q AS SUTWBIAYRWIPOSONIN

vl 8000°0 q AS QUTUIRARRIPOSONIN

L8S°0 $900°0 q AS SUTIEIAINQIposonIN

(1) 0s8's AS SOUTmIRSOTNN

(1) osy (1 otz AS spousydonN

008°61 (1) 000°LT o) oIl AS SUSZUSGONIN

(1) 079 (1) 00g‘T SO Ol AS suapeiiydeN

000'07$ 00Z's (1) 000°L1T 5] 01| AS suoloydos|

$O 0t AS sua1kd(pa-¢ ‘7' | Jouspyy

AS suzeipAy

yL'8 61 (1) o¥s (1) 086 sO o1| As SUNROIONORXY

907 mes L [¥e) o1l AS suatpmuadojdooIoyaexay

++ 05 *ST0 nee (1) 06 ) o1{ AS SULPRINQOIO[YIEBXIH

#+PL000°0 ++7L000°0 (o] 01| AS SUIZUIQOIOTYIEX2H

Wz (1) o8¢ AS sIayPolBH

AS apAyaprewio ]

o) or| AS suslon(y

123 (a4 (1) 086'¢ [Ye) o1 As suayUBIONi]

p AS 109410 suatlng

$O 0Il AS swereqydido-u-1q

Nel oI AS apereydiding-u-1q

00€'+1 oL (1) otz (1) oge o) 01| AS auanooNIIg

000°006°C 000'E1E SO 01| AS awEeypydidpouwng

000°008°1 000°0S€ $O 01| AS ampEnydiApRig

wo 100 [ye] 0zl AS SUIPTZURQOIONYOI]

Amo wopsadu] : (@) 8041 . .(v)sOEL 1G] : @ 1an] @ Iapureisg

vondmnsuos P MEA| - MEA seoo spop| - s0EL @] popew| - 10|y
sty puv IEM sy amay PATT] L pA PAT Pa>] :

(2) 5041 WyeoH TeENY (3) 3L - 251 onenby | uwTTmEIUO, | JRROTIMUOY Tweuog| - TR uo)
Jo vonoa01g 10§ DOMY 30 YORYNEIT I0] DOMV |- WNWDE | WATREN | wawnepy | whurney
VMDD : VMD| 7 VMas CVMAs| vmas| SV MAS

(1/8n) SUVANVLS ALITVNO Y3LVM FOVLANS TvIAdddd
(1661 ‘1 12q0190) SOEL/SAVIV DLIDIIS-TVIINTHD TVLINH.LOJ
TEHATIVL




>U O_ > ugnﬁosoﬁcuﬂ

>U w A Euo.«oao.—m

>U w > BESDEAZOEQ_—VOEOum

+ 0P «+99°0 00€'S 0 4 AD sl A suszuag

$9°0 850°0 009°'C 00S°L s A spumolIay

AD olf A suopIy

AD ol A suouuuad-Z-[KyRPN-p

>nv Oﬁ A 0=05K0:l.&

AD ol A suouung-7

00T ¥l L8 M) e 090°9 AD s| A (suun) susdoxdozopyara-¢‘|

00141 (8 (1) vt 0909 AD sl A (s1) ouadordozoorl-¢'1

00L'S 000'€Z 0 S AD S A susdosdoloyaia-z'1

001 001 ® A (suen) susyP0I0MAQ-Z' 1

AD sl A (19109) 2uatRR0IOTOIA-T '

0L oL e A (519) QuoPOIONOIF-T']

v €90 *+$6°0 000'0C 000'811 0 S AD S A SUEROIONYNQ-T ' |

L L AD Sl A susyResopid- ‘1

AD sl A suspsozoyd-1°1

8P +49°0 00v'6 AD sl A SUBYRCIONYIL L-T'T']

w+ L'O1 *»L1°0 00b'T AD S A SUBIR0IOTYIRINL-TT1']

000°0£0°1 00%'81 00T 007 AD S| A SURYIROIOTYIIL-11"]

+# STS P4 0 4 AD oIl AS apuoy) [AnA

++11£0°0 *+8700°0 q AS 5U0QIB20IpAH SnEWOTY IEdNUAjod

e (1) ov6 3 AS 519359 28Ry

00S'€ (1) 095'T (1) 00z'0t $D 0l AS ouayd

sO o1 AS SuanpUELSYd

010°1 @) et (v) 0T Wo 1 [e) 0S| AS JouaydoIoyosiuad

<8 L q AS QUATUSQOIO[YIBIURJ

Amoy} sonsadu] (@) sodL} "~ (3) 3091 @ (8) Jan|- @ JoPWeIRg

vondmnsuo)) et onfeA anpA s[pon 91800 sDEL (@) POPRN 10d | 2dAL

i puw UM stwory) oy PAYT{ . A ‘PAT Pa]
(0) 30491 oY Temny () 30@.L 9jr] onenby | e ) T D) |- ey D uvar Jo}
JO wonoNold 10§ DOMV Jo uopoold 10J DOMV | - TnTmeA] | TN eA wnwXepW WX
VMO : VMO vmas CVMAs YMas vMAas

(1/8n) SQUVANV.LS ALITVNO Y3LVM HOVAINS TVIIaH]
(1661 ‘1 120190) SOLL/SAVIAV DIHIDIIS—TVIINTHD TVILLNHLOI
TEFIgVL




[ X4

pUNUD AN[ENY 1M WOKUY = DDMY

“[oAS] YS12 G- oy ST pajuasald an[ep "S[9AS] S 22X J0f porodal susdouro1sd J0] BUAILD YESY WWNH = 4e

SOEL 19A9] WEUTIHUO0D WAWTYEW AIBPUORS = 4

FTavL 40 NOILVNV 1dXd

00001 00001 AD s| A (m0)) SPUIAX

AD o1} A awRoY 1AUTA

++ L'08 LT (1) 006'12 (1) 000°St 0 I3 AD s| A SUIIO0IOTYIL L,

(1) 000°81 AD st A SOUUROIOONLY,

000'vTYy 00€'t1 (1) 00s*LY 0001 000'T AD st A suan[o],

++ S8'8 ++08'0 (1) o8 (1) 082's 0 S AD sl A SUIYROIONYIMIPV |,

) oze's AD sl A SOUBYIROIONYORID],

001 001 AD s A ELSION

Lye) ol A sua1kg

AD sl A apliofD AURAYPI

we L'ST *+61°0 (1) 00011 001 A souRyPWORH

A 9pIXQ SUAAYTY

0 $0°0 P A sprwoaqi( 2ulANg

087'c 00t (1) 000'Z€ 00L 00, AD sl A suazuag [AN1Y

#x S8'1 ++££0°0 (1) 00911 A SRUSYIOIOMYI

>U m A 0:ﬂ§ﬂ-0a030¢50~£ﬂ

AD Oﬂ A osﬁveOuoEU

we LS * 61°0 ) ovT' (1) 006'8Z 7) 001>WHL 0L AD sl A WI0JOIOND

AD o1 A UBPIOIOTYD

001 001 SO/AD slA JUIZUIQOIOTYD)

(1) os (1) osT SO/AD oll A souazuag PATBULIONYD

P69 0 (1) 00Z's€ 0 S AD sl A SPLIO[YIEIP ] UOqIRD

AD sl A apy[nsiq uoqIE)

Ao uopssdu] : (@ #0gL|: - (9)sDEL (@ () Jani. @ Ispweleg

wopdunsuoy Sty aneA aneA spon $[e0D sodlL (®) POYP 04| 2441

P13 Puv B 21uory) anIy Pl P PAT] js
() 3091 WeH wwwny () s0gL 9] onwnby | JURHIIDNL]) | JUPETEEINOD) || USUTUIRUO) wreurmmLos)
Jo wonoa01d 30§ DOMV. jo BoRpoRL] J0] DOMV | BNUDEW | WANNUN | - WROTEK WNWTXE
VMO VMO YMAs ymas vmasy; vmas

(/8n) SCIVANV.LS ALI'TVNO JALVM HOVANS TVadadd

(1661 ‘1 12G0190) SOEL/SUVEY DLIDHJIS-TVIINAHD TVLINHLOd
ed1dvL




-2661 ‘¢ Ainf 2ansop® (16/0£/1 *97SE Wl 95) 21N UL ‘€v1 PU® TPl ‘Ip1 susd ¥4O OF ‘suoneIngoay e Sunpiig Aspucseg puv Arewrid reuoheN vdd (9
‘gL 938 SOTOW II® (DAL 238 STOW § wowdag 1YV AV 218 STOW ¢ wowdas (0661 Kupy Jo 58) €11 WD Op PUB [p] YD Op ‘suoneindoy 103 Supuuq Arwpuoses puv AIsurig [uonEN vdg (8)

winpuein sapn[axe wydye sso1d 10y anfeA (01)
: 01 ST 877 WIpex 10] AW '§°0 5t 977 Wpes 10§ TAN (6)
*Pajosyep SIAWOST [ENPIAIPUI-SIMXTW = J {spuod s31eyosip UI paioypuont = 3 ipalojuonr A[PUTInoI 10U = p {AD U DI §¥ poiodp = 2
1G7) UT DL S¥ poeRp = q (AD U [¥I01 S8 popewp = Vdd=F '[$3d-dT0=d0 t153d-VdI=dd ‘INES-dTO=5D ‘VOA-dTO=AD ‘dTO-UOU=IN TV ]1~dTD=1D 24¥ SUCLEIASIqQE poyou (g)
AMIB[OA=A ‘OJIB[OA-TWIS=AS ‘2PI[onUOIpeI=} {IDAPPIUSII=dd ‘opIoNsId=d PPW=J I01BIpUl=] tapweled pY=dd (WXOIp=(] (UONWI=)) [8HINIRQ=g {uonme=y :2J¢ SUORIAIIQQER adfy (1)
“1A/WRIW § PIRIX3 10U [[OYS MOIIBW U0 O} SJUS[EAINbS 950p [entuw JIoY) JO WS R “quasaid 218 WAIN pue gg-wWnnuons yoq J (9)
WHPOS UPY) IFIEl ‘WNISUSPUl IO ‘WNIIED ‘wWn >d iim pojer 51 OPLIOTYD Waym 3at1daj01d Kprenbape 10U st prepuwls (s)
{pesn Hd g°1) wuao Juapuadap Hd ()
B Juapuadap ssoupvy (g)
SURYRUWOIOMYIOWOIQIP ‘SURYISWOIOMYIIPOWOIq ‘WIOJOWOIq ‘WIOJOIONYD SIURIWOYLR [eI0) (4]
("TI07) 1PA] 51991J3 PAAISSQO 1SIMO] T pajuasald onfea {padojaasp Jou v (1)

sisApeuy onediQ aMBIOA = VOA

Jo1] 15d swerdoronu = vén
(/10d) sapi[anuolpel JOJ NWIT UOWONP(] WIWIUA = FAW
punodwoy) peynusp] ARPALEIUL = oIL

soueyPWOEYUL MOl =  WHL
1] Upuy PlIel = VL

oytoadg satoedg = SS

Py JaEM JunjuL 2J8S = YMAS

2427 uonBIUENY) [BONIBI = 04

[Ausydiq pareunioqyaAiod = g0d

Jonp 2ad sounoood = yind

Koualy uonO01] [RUSWUCIIAUY = vdl

VY M U = VMD

weigoig romioge] wenuo) =  d1D

Amo woRsaFu] . (9 #0g1) «:-{¥) 3D9L «@ ® TJan| @] Jmpwersd

vondwnsuo) LAl AnEAY anpEA| o SEoD s[poD sDgL ® POy | . IO | 34L
hkl pue Iopem ooy Ay PAr] PATT - PA] PAY] :

) 3041 MEoH Temny (9) 5Dg.L VT dnenby T 0 T o) T o] s i)
Jo wonNo1d 30) DOMY Jo.BOIPN0OIY 30§ DOMY | . WINTDERY | WU |- WNWIXEBN wWNWXEy
VMO : VMO VMTS vmas vmas vmas

(1/30) SUVANV.LS ALI'TVND ¥ALVM HOVARINS TVAIAH]
(1661 ‘1 39q0100) SOLL/SAVAV DIJ10ddS—TVOINTHD TVLING10d
TEd1gVL




e

“T661/9/11 2a193332 (1661/L/9 ‘09¥97 W 95) THE PUR 141 W:ID 0Op ‘22ddo) pur peary 1o suonen3ay 1aqepm SunjuLI(] A1suig [PUOLEN PUR S[FOD) 2497 JURUTINIUOD WNWIXRY V4T (C)]
“€661/1/1 2093333 (1661/1/L ‘99T0€ ¥ 9) 210 TPUL ‘Epf PUB ‘Zpl ‘I SURd YAD OF ‘suons|ndoy Jaem Junuiiq A1epuosag pus Aiewiid [vuolieN vdd ()

8861 — 9pUOYY J0] BUNLID LNENY) 1918 JUSIqUY [RUONEN ‘VdT (a)

L1861 - WAIUajag Jof BUANID AN[ENY) 1a18A WSIQUY [PUONEN ‘VdT (P)

986] “oJ1] onenby Jo uonoetoryg 10§ sALD Anend ‘vdd ()

fuo ., uonsaduy @sogL| . (v)3D4L @ (8 Tan| @ , Jopwersg
vonduinsuoy Lt anEA anpep s[e0D s[eoD sOEL (%) POYPW 04| 2d4L :
ys1d puv IO sworp| ... . emay PAa] paT] Ay PA]
() 5041 WIESH meUIny (3) spg.L ofT omenby T )| ooy 0 T o) weuTmnue)
Jo wona014 10§ DOMV 30 BORINOIJ 10} DOMV | WIETXSN| . WNWREW| . WIUEK wnurepy
VMD SUVMO vMas ymdas vmas vmas

(1/80) SAAVANVLS ALI'TVNO ¥H1VM FOVAINS TVIFadd
(1661 ‘1 1201°0) SOL.L/SAVAV JLIDAdS-TVIINTHD "TVIINTLOd
7Ea1avL



(i/8n) SAIVANVLS ALITVNO J4LVM FOVIINS (ODOMD/HAD) HILVIS
(1661 ‘1 1990190) SOFL/SAVAV JIIIDFdS—TVIINGHD TVILNALOd

¢

¢ H1dV.L

000°1 1D 00z W watreg
W A ofuesIy
W [} otasIy
0s 0§ 001 081 09€ 10 off] W sruasTy
15 0o W Kvournuy
os1 06 10 00z W wnuwaTy
10919 ot 1 SpI[og paaossI(] R0
osL osL 0SL 01093 S I uolog
s20130p | $90139p O dd smjeradwa ],
1oz1d I a4 soumpENpuo) oyoeds
6-S'9| 659 06-0°S 0659 0659 1os1d 10| dd HY|
000's|  000'S 000'€|  000°€ 000'S 000'S 00SYNS $0| dd uad4xQ paatossiq
0T 0 0093| 000001 A nj[ng
€N €n
£10000000°0 £70000000°0| TTO00000°0 10000°0 10°0| TTOOOD0O'0 P a urxorq
09 079 000°S 09 029 osed [ e} N s® sruowwy
™ 001/0007 DIZTENS 1| 4 (rwosg) wIOJOD
o 4 v apyIns
000'057] 000°0ST 000'057 ysLed sl v a@jing
0001 000°1 000'1| 000°01 SS SS 1'psed sl v NN 58 N
00001} 000°001 1esed IS4 SPMIN+BIIN 58 N
00001  000°0! 000'01| 000°001 1°gsed S|V 29eNIN 58 N
0007 oved s| v apuony
£ 3 £ £ 005+ 0001 V¥ suuoD
£ £ 000052 szea s| v 3pUONYD
1'ored olff Vv aeuoqIe)
1°01€d olf v ajeuoqIEdlg
©) (3} : an Jan|- (o) Jopmereg
IRI1D| XWID onEA |- - onpA |’ uonsadu] Addng | o] A(ddng | prepumg @ (¢4] S oy 104|294,
INUEA | TFIOM omoryp| ooy | apypnu IaEm (2} 39mm | snenby oM PIm anpA onpp| onmal. - emmpll . (7) swedof
sIpionuolpwy (8)}- ~otpwy » ustd a'v (z1)| opsowoq|-moudy | - iomwor() oy | S|~ 9IN0Y [ ~UISSEIUON
TI9RL| - 2lqu ], yweamdag ureang | g S1qeL D 2198L saqeL. sonredio o177 syenby 917 ouenby | suedomrare)
: (D NI seIqer D9IgEL g4V (L
: (q) sprepuesg
(L)(q) spavpumig Ajrpend) 1998, PUS UONBAINISSY]) WHANS § 79 § Juowdsg wsey (v) sprepumig spimarmg




Tt

(/30) SAYVANVIS ALITVNO JLLVA FOVIINS (ODOMD/HAD) ALV.IS
(1661 ‘1 1390190) SOAL/SAVIV JHIDAdS—TVIINIHD TVLINALOd

£t T9V.L

SAL SAL 000's| 000°C SAL SAL 10 0zl W sz
10 05| W wnipeus
01099 o1} W uagsfun],
01093 of] W wope:
ON oz W vy
st 1o o W weirey L
ON ooz} W waguong
10 000s| W wnipos
SAL SAL 0s SAL SAL 10 ol W 1ATS
o1 ot oz L1 SET 1o sl W wnruaPRs
.HU OOOW E a=mmmsom
SAL SAL 007 SAL SAL 10 orf W P¥IN
ON 00| W wnuapqAlO
10°0 07 10 ¥z 10 zo| W Amasop
() og (s1p) 0 007 0001 10 sil W asausduely
10 000s| W warsoudejy
ON ool W wnipry
SAL SAL 0s 001 SAL SAL 10 s| W pea]
($) oo€ (stp) 00€ 0001 10 001 W uo1g
S S 000°1 007 9 S 10 olf W sprured
SAL SAL 00z SAL SAL 1o szl W 19ddon
12 os| W ABqOD
SAL SAL 0s 001 1 9ol s8lzd off] W A Wnrmoyd
0s 0s 001 SAL SAL 961L9¥8MS S| W IH wormoIys
1o 0l W wnnuoIyD
DN 000°1 W wnIsa)
10 000's| W wnioe)
SAL SAL 01 ol SAL SAL 10 si W wnrwpe)
001 1D s| W wnifA1sg
()] ~(g) : an Jan |- (o1) IopweIsy
¥R1D|  ¥1D npAl enmp wonsaduy Kddeg| op} Aiddng | prepumg @ @ POTRPIN 04| 2dAL
nupp | wmom omomD| - amay| apijonu EM (0} romm | onenby wEp | Team onEA onmA |l snpA | L onfeAl . (7) susd0
SoptjonuoIpTy (8)| —opwy % g1 a'v @1)| = omsowoq|-moudy| oworgy Snoy || SOIYD |+ NIV | ~UIOIWUON
221qvL,| -o1qu L, yeeurdag wwong | d 2I9eL D2I9eL Soq8 ], soruvdiQ ojr] Snwnby 9j1'] onenby | puadoutore)y
i (1) I II'] 21981 O 9L gV 59q8L
(Q) sprepumg : :
(1)) spavpumg ANpwnd) 39)8A4 PUW UOIVOYISSE]) WEINS ¢ 3§ pIOWdS uiseg (v) sprepumg apimorig




(I/30) SMUVANVLS ALITVNO JALVM FOVIANS (DOOMD/HAD) HLV.LS
(1661 ‘T 3290190) SOLL/SAVEV JIAIDAdS-TVIINTHO TVLLNILOd
€€ AIgVL

£210°0 €210°0 J d Y23 ‘auexayo[oAs0I0[Yduxey
P fe) 00 d PR ouBXayo[oAd0I0[YIexXoH
€910°0 €910°0 do SO0 d w)og ‘QUBXIYO[PAI0IORITXIY
76000 7600°0 do soof d eydpy ‘ouwxayO[2A30I0[YINXSH
(€1) $00°0 (€1) v00°0 do so0| d sprxodg Jomyosiday
82000°0 87000°0| (1) 8000} Z'ol 10070 8€00°0 50| (e1) 8000 40 so00] 4 Tomyomday
100 100 d uorping
do o] d suopPy ulIpuy
T0 000 £200°0 81°0 [A] do o] d uupug
4o o] d aqEy[ng uwjnsopuy
do o] d 11 uejinsopuy
£00°0 950°0 0 do so0| d I usjjnsopuy
1L0000°0 1£0000°0] (€1) ZoO'0 £00°0 6100°0 szl (€1 000 Ete) 1ol d wpRId
d uourzei(]
10 10 d uopwa(
100°0 050°} do 10 d (3aq) smeqer lad
100°0 90 do ol d (aaq) supger L1ad
$20000°0 $20000°0[ (€1 10 1000 100°0 1 €V 1o do 1ol d 1aq
1$0°0] €800 d sojudionyd
9+000°0 9p000°0 (€1) €0°0 £400°0 vzl €D €00 do sof d (swuwren) suspIoNyD
9$000°0 9%000'0 (€1) €00 £400°0 7| (€ €00 4o sol d (eydyy) suepiopy)
6193 d [UBIoMD
9¢ 9¢ P d UBINJOQIB)
d munEOum
$LO000™0 #L0000°0{ (€1) 2000 £00°0 g (€1 z000 4o so0] d ULy
ot ol d qIesIply
001| ool 001 P d a-¥'T
o1 o1 P d X2A11S dL-S'v'T
© © an 1an| (o1 pwvIey
FoRID| AMID MEA{. ompAl vopsoduy Addng} - op] Aiddng | prepumg 40) @ . PR T0d| 2dAL :
INUEM | TBWOM aworyn Aoy | 9ptfonu REILTY ()| 1o18m | onwnby |7 o Teany anpep anRA ONpEA | oneA (D) suodo
SOpIIonUOIPEY (8)} -~o1pwy 7% Wiy q'v (z1)] . onsswoq}rouBy | . Sworgy oy | omor D oMIY | ~UIDIRUON
T 219vL| ofqs L uew3os weans | 2IqRL 2198y, Qe sonedip G op7 ouenby 9j11 onpenby | ssuadourozeny
5 1) '] 921901 0 2IL g4V ®I9EL
: (Q) sprepums B
(LX(9) spavpuwrg Arend) 397 PUE VOGUILISSE]) WEINS ¢ 7} pjuswdog ujseq (¥) sprepuElg 9pimores




s0°0 s0°0
61 S
1 L
08 08

S0°0 S0°0

6L0000°0

9810°0

ST

08
0g¢

6L0000°0

08

S

(€1) S00°0

001

0s

001

0y

S00°0

1000
00
100°0
€00
ro
100

70000

100
£10°0
079
€00
1o
80°0

07

0t

s

©s
) s1

(9) 08

s

(€1) 500°0

do
d2
dD
dD
do
d0
dD

do

40

d0

d2

I
¥1) 0°1/S°0
[{Y]

S —~ — & =

$°0
S0
S0
§0
S0

S0

0

S0°0

LA E AN AN AR

dd

A A A Ay oA B Ay

Ay

(1od) 06 wnnuong
(17109) p6+68 WNUONS
(rod) gzE+97T Wripey

(110d) OpT+6ET+RET WANOIRIL
(110d) wnuonid

(110d) wed sso1n

(11od) wydrv ssoip

(11od) LET waise)

(11od) pe1 wsa)
(/10d) 147 WoULWY

(11od) wnotury

Eliiva 34\
0921 101201y
$ST1 1opory
8+71 Iopory
YTl Ioppory
TETT 001y
1221 Xo[oory
9101 10pory

Z onvodep

ausydexo],

surzeurng

s40d

uonpese g

XA

JoTY2AXOIIN

uoyIREN

UBPUL] ‘aUBXAYO[PADOIOYIUXIH

Yoor13] YWID
muEpm | memom

anpEp
spory)

°aEA
2oy

SIpHINUOLPEY
ToI9eL

()

a1qu ], ypwdos Wuong

spipnu
~opey
aseelL

9810°0

- - monseduy

sopm
99 s

D2®L

)
-8
QU]

Aiddng
IO

a1
stunby

[€43]

soredio

)
Aiddng

sgsowo(]

©
prepums

eIm| .

~moudy

@
anpsA
AUOIYD

@
oA
Aoy

aneA
omornyy

anmA
omay

2] omenby

(1)-HI'II'T solqeL

aqry openby

D298l

(9 sw80
~TIFWOUON
prusdomore)y
g'V $[gL

=
POYRHN

TAN
104

ks

19pwmeIRg

(1)(9) sprvpuwmg - ATPNQ) 39)8A4 UV TOROYISSE]) Weang ¢ 7 p Jeomdog

(9) sprepumyg

urseqg

(v) sprepumg dpimarng

(1/8n) SAYVANV.IS ALITVNO JALVM HOVIENS (ODOMD/HAD) ALVLS
(1661 ‘T 1290100) SOAL/SAVIV DIAIDAIS—TVIINTHD TVILNALOJ
€EAIgV.L




(I/3n) SAYIVANVLS ALI'TVNO J4LVM HOV.1INS (ODOMI/HAD) ALVILS
(1661 ‘1 3201°0) SDAL/SIVEY DLIIDTIS-TVIINTHD “TVLLNILOd
€ga14vL

SO 01| AS sayqpifusyy [dusydowaig—y
SO 0S| AS Touaydilypowr—z-onmq-9'y
e} 0S| AS SUHIIRONIN-€
100 10°0 e} 0z| As SUPIZUSqOIOTYN(-£ E
SO ol as [oueydomN-g
e} os| As SUIIURONIN-T
e} oIl AS TouaydiAeN-2
L) 01| AS susprpydeuAyeN-7
000'7{  08€'¥ $O of| AS TouaydoloD-7
$D 01| AS suopepydsuolopyD-7
$O 01| AS suan(oloNNNg-H7
o) 05| AS Jousydonin-4'g
01T o) OI| AS TousydiAawi -7
¥4 s9gl  020°T 12 e} oI AS touaydoloyarg-‘g
Tl Tl Vot 0L6 €10t 1e) 0I{ AS [ouaydoIoyat 19 47
00L 00, o] 0S| AS TousydoIopPL ] ¢ ‘b7
SL SL $O oL} AS (e18g) 3uazU2QOIOTYI]-$'
079 079 e} ot AS (19N 2uszU2gOIOMYII £
(€1) S0°0 (€1) 50°0 q AS swzerpAyihuaydiq-z 'y
079 029 o) o1 AS (oyur0) suazuaqotoyatq-7 1
Yo} ol| AS 2UaZUQOIOMYIH [~
T €Ny q AS SUITUIGOIONYDRIR L~ 4T [
ol S o SAL SAL k| (U1od) (moL) wnwrein
9°0; A (10d) ge7 wnrusin
90| A (1od) gg7 wnrwen
o (1rr0d) peg+eer wopwwin
00S 005 00002 (9) 000'07 b (110d) wnnup
09 9) 09 | (1710d) zET+0€T Wwnnoyy
© (€) an AW (oD Jopwsieg
Y2013 - FRID oNEA|  onpEA vonsadu| Addng|  apy Ajddng | preprmg @ @ POYRI 104 | 9d4Ay,
INUEBA | URIDOA ooy | MY |- aprjonw J78M (2)} :3018Mm | 21780y EELTN mm EULTN dnfeA| - OnEA| - on[EA (2) swfo
sapipnuoIpYy (8)] —opvy EA St q'v (z1)] -~ omsowoq|—noudy | - oworq) oy | ooyl omIy | LuIoIBOUON
ToIquL| - o[ Wam3ag weang | (g 21quL P CLA e, sormedip 317 syenby oy oneEnby. | susdounrarer
(1) I s2pqRL D 9[qeL q'v 8L | ]
(q) sprepunig
(LX9) spreprwyg A)[end) JoWwp| PUT UOTROYISSE]D WHING § %7 § Juow3ag useg (v) sprepumg apimarig



$O Ol AS susdRIyiue(yv)zZusqiq
sO 0l} AS uvInjozZUqICY
SO 0| AS suaskIyD
o o AS tousydoloyD
$O 01| AS sy AY[ROIOTYD
AS sawaedeN paBuLIOM
AS SI2Q poreulIoNy D
sO 0l| AS sepyydifzusg (fang
AS suatpsing
sO 01} AS eEpyd (oeyIAng-7)siq
§O 01| AS 1ayp([AdordosioIoy-7)stq
L£00000'0 Lg00000°0] (D) £0°0 (€D €00 $O o1 As 1yR(1AyrR010[YD-7)s1q
§O 0l] AS aueyew(AXOY120I0[ )~
sO 0| AS oyooly JAzusg
s2 0l AS suatpuwIon(j(f)ozusg
sO 0l AS suajArad(1'y'd)ozuag
SO 0] AS ausiueIonfj(qlozusg
SO 0l AS auaikd(w)ozueg
sO 0l AS auaseIIuu(8)oTUIE
SO 0S| AS ploy atozusg
710000 71000°0{ (€1) ZoOO'0| 1070 10 005zl (€1) 20000 p As S
$O 01| AS SUVIPIUY
0TS 00L1 $O 01y AS suayydeuaoy
sO 0S| AS ousydositN-4
$O 0S| AS SUIIUBOININ -
$O 01} AS fovayd[A N~
0t sO 0| AS ousydiAau-¢ 010y -4
SO 0I} AS 191 1Ausyy [AuaydoloyD—¢
$0 OI1 AS SUIIUBOIONY Dt
©) (£) an 1an; (on TopwuIeg
IR} FRID anEA| - enmA wopss3uy Aiddng) - opry £ddng | prepumng @ @ POUTRN 104 °dAL
US| TRWOM sruorqn| T ooy | opypnn BEM (@] 12mm | onenby PEMLTeIm anep onEA | enEA| enEAl :(7)suedo .

SIpIonuOIpEY (g)| ~owpwy ® Psid av [¥4}] spsowoq | ~otidy Srory) ooy | sronn ooy | ~mDIeuON

79191 21qe), 1wemBog wreang | (] SJqRL, X LAk solqu ], sormdio a1 onenby 11 Senby | reaSomoren,

(1) 1T’ $21981 D 2lqe L g4'V ®iqe,

) (q) spsepumig
(L)(Q) sprwpums AT 20194 PUT LORSIYISSEI) WRINS § % p Jowdog uisvg (5) spIvpITS SpmamS

(1I/3n) SAYVANVLS ALITVAO JHLVM FOVAINS (ODOMI/HAD) ALVLS
(1661 ‘1 39q0120) SOHUL/SAVIV DIHIDIIS~TVIINIHD TVLINZLOJ

£

‘CHIIVL




e

aso o1l As sunwejAdoadip-u-1p-osoniN-N
6r 6v qsD o1l AS surwejAusydiposoIXN-~N
9100 910°0 q AS 2uIpIo11AdoSOIIN
¥100°0 ¥100°0 q AS SUTE[AyIauItposONIN
8000°0 8000°0 q AS SuTwIRAYIAlpOSOINN
+900°0 +900°0 q AS sutweAIngIposonIN
AS moﬁaﬂmo.smz
AS sjousydoxniN
eNse 000'LT €V se SO oll As 9U2ZUSGONIN
079  O00E'T sD ol As suspeyiydeN
050°1 000°LIT 050° sO ot As suoxoydos;
$O ot AS suaAd(pa-¢ ‘| Jouapu]
AS swizeIpAy
61 61 ors 086 e} 01| AS SUBINI0IONYIUXIY
6y s L (34 (e} oIl AS sustpmuado(dLsolonoexay
SH'o SHo ¥l £6 06 ¥l e} 01| AS SUSIPEINQOIONYBXIH
TL000°0 7L000°0)  (€1)20°0 (£1) 200 sO 01| AS SUIZUIQOIO[YIBXIH
AS s12y10[EH
AS apAyaprewIog
e} 01| AS suason[y
086'€ e} ol As auayueion|J
P AS 109419 suaAIq
o] 01| AS aeEyYdiA100-u-1q
SO 0l{ AS aweqydiling-u-1q
0fz (i]23 $O 01 AS susn[olonIul(
SO Ol| AS arpydidypawiq
SO oI AS apereqydidyiet
100 100 ) 0Z| As SUIPIZUSqOIOTYH(
AS SIUIZUIGOIORI(]
©) (g an 1anw| {on Tapurereq
JooID| . JeRID Sn[EA L. - eWA vonsafu} Addng/ - copry Aiddng| piepung @ (€] PoYRI 10d | edAL
WUTEA | UEWOM dfuonyy Aoy | spionu pCi LT ()| 3emm | onenby 978 e°m EULTN onfep aneA onEp (7) sus3o0
BIPIINLOIPTY ()| —otpoy ?.4stg a'v (zp)| ~omsowoq|-mouBy| - oworg) oy | owor) ANIY | - ~UIIIBIVON
T 21quL| 21qe ] Wwomdsg weang | (] AqEL O 3geL soIqe ], soruedio o] anenby o] onyenby | susBouraresy
1 I 2190y, D 2I9eL 4'V 2[9eL
() sprepumis
(UXQ) spwpuulg AJend) 978 AA PUE HODEIIISSE[D WeaNS G 23 pjuowdog uzseg (v) sprepumg 2pimoralg

(1/80) SAIVANVIS ALITVNO AALVM dOVNINS (DDOMI/HAD) HLVIS
(1661 ‘1 1990190) SOLL/SYVIV JLIDAdS—TVIINAHD TVLINALOd

¢

¢ H714dVL




'€

(I/3n) SIVANVIS XIITVNO dTLVAM FOVAINS (ODOMI/HAD) ALVLS
(1661 ‘T 12G0120) SOAL/SAVIV DIAIDTIS—TVIIWEHD TVLINAIOJ
€€ ATaVL

>U m A Euo.—oacum
AD m A u:d—ﬁOEOuOEU_vOEO.-m
S 00E'S S AD sl A suazUag
850°0 8500 009°7]  0SS'L o A spnwolAioy
AD o1l A suoRoy
AD o1l A suoumuad-Z- AP
AD orf A QUOUBXAH-~T
AD olf A suoumng -7
e 090'9 AD sl A (swen) susdordoroyorq-¢’1
e 090'9 AD sl A (st0) suadoadosoydtd-¢ ‘1
(€1) 950 ooL's| o000'tz| (€1) 950 AD s| A auvdoadoloyrq-z ‘]
oL oL v A (suen) sUsYIROIOYNT-Z'|
AD sl A ([@101) SUANCIOMNA~T |
oL oL e A (512) sua20I0[AA~T' |
S 000'0Z] 000°8TT S AD s| A SUURR0IOMYAQ-T' |
L L AD S| A QUIYIROIOTYIIA~T ‘T
AD slA SUBYIRCIOMII(~1
09°0 09°0 .14 00b*6 .14 AD sl A SUROIOTYPILIL-T 1]
Lo L1'O 0o’z AD S| A SUBYROIONYIBIRL-T T 1]
007 00T AD sl A SUUYIROIOTYILL-T T ']
[4 4 AD 01{ AS aproMyD HAuIA
82000 8200°0 q AS| suoqiesoipAH onswory Jeaponudjod
J AS 51915 1R[EYd
01 00$ 095°T] 00201 e} 01| AS [ousyd
$O ol AS suaIqIUBLY
007 LS 6 007 0] 0S| AS Jouaydooyswiuag
EN9 €9 q AS 2USZUAGOIOTYORUDJ
q AS SauBY1g PIIBULIOTYIBIUDJ
) (3] an Tan| (on) 1apweIeg
yooID| YID sueA | . on[EA uonsaduy Addng| . opy Addng | prepumg @ @ PoURIN 104} 2441
INUTEA | TEmOM amox| - iomoy | opipnu RN (©)| 3o1m | onanby oEm | em LY supep [ conpA | eapAl L (7) swedo
BIpIINUOIpEY ()| —owpwy 7% gsig qa'v. (v spsewo( | <motrdy sworgD ;noy | - dsrsoryD) ooy | ~UIOIBOUON
T 21qeL} - 21q8] Wwowmdag weang | (1 2qeL D2I9RL $31qe, souediQ a1 onsuby ap] ogenby | sesdovyore
(1) NI'II'] s91q8L D9Iqey, g'V gL
(q) sprepuw)s
(LXQ) spiwpuaig ARPTY) 3918 PUS BOEIYISSE[D WEINS § 7 § W dog wiseg (v) sprepuelg Spmarng




(1/30) SAYVANVLS ALITVNO YILVA FOVIINS (DD0MD/HAD) HIVILS
(1661 ‘1 1990190) SOUL/SAVAV DIHIDAIS—TVIINGHD TVIINALOd
£eATgvL

AD S| A (re10L) seua(Ax
AD o] A 1m0y [AUIA
S 006'1Z|  000°SY S AD sl A QUIYIRCIONYILL
>U S A moﬂde—uxuozof.—.
0Tr'T 00§°LT 0T¥'T AD st A suanjo],
01 or8|  08T‘S 01 AD sl A SUIIOIOYIBIR],
80 80 AD s| A SIURYIF0IOMYOBIR L
AD [4 A sua1fis
(ye) o1 A sus1kg
AD st A 3pLIONYD SUIAYIRIN
61°0 61°0 001 001 A SAUBYRWORH
A aprxQ 2uslAipg
P A oprwolqi( 2uaAng
089 000°Z€ 089 AD sl A suszueg A
A SIUVDYI0IOYII(]
AD S A UV PWOIONYroWIqIF
AD ol A SUBYPWOION )
) 001> (#) oo1>
61°0 61°0] WHL®L 0bT'1| 006'8T] WHL®L AD SiA w0J0I0[Y D)
AD o1 A SUBNR0I0TYD
00¢ 00E| SAD/AD stA BUSZUIQOIOY D)
SD/IAD o1 A SaUaZURG POIBULIOND
S 00T'sE S AD Si A SpUONYRIL UOQIED)
AD 9 A O—V—/::m_ﬁ— uvoqre))
AD ol A OcdsuEOEOkm
©) © (1 aan|- (o) IopweIng
Y13 F:ID an[eA [ onmA wonssduy Addng| © 9] A(ddng | prepumg @ (¥4 5 pOP T0d| edhL
MU | TEWOM JMWOIYH|: - - MOV | IpIonT LTI (D] ‘1omm | onenby wEp L I anpA onpup | enmAl  ionmAl. () seado
BIpIONUOIpPTY (8)| —otpvd P ysid av (1)} omsowo(q | —moudy | . omuory ooy | OWON[)| ANy | =UIIBONON
TAIqRL| -9qqe ] ywowdog weang | Aqul :D P198L IqeL somedip 2Jr] snEnby 9Jr] onenby | pusdourorey
: : (1) 0T 821921 D9I9°L g'V 2IqeL,
(q) sprupunig
(£Xq) spIvpuwIS AR[¥NY) I9T8A, POV UOHWOLISSY])) WEINS G 7§  Jowdog urseg (v) sprepurels opLaamng




9]qUIFA0DI T8I0} JO PIA[OSSIP (UIAIZ IN[wA 153m07] (S)

SUBJRWOIOMYOOWOIGIP ‘FUBSWOIO[OIPOWOI] ‘WIOJOWOI] “TLIOJOIOTYD suRemOmyLY (9101 (p)

aMnu+RII J0j 1d20xs sprepuers Aep—og 2:1¢ [TV (€)
vd3 10 DDOM/HAD Aq paurjep s (s7OJ) 193] Uonwaymuenb eononid

YO posEq USWIIIOFUI YA 0I9Z S8 pareldIoiuy St PIBPUTIS SANIBIIEY oY) ‘soruedio Su11n000 A[[eIMIBU_UOU JOJ SPIBPURIS JLISWNW *oytoads jo souasqe o uf (7)
*popn{auy j0u 318 £jddns 12)8m SHSIUWOP PUB BIOLG IANBM P[OD ‘SISN [RUCNEIIIDT JO J PUR ‘I] ‘| SR, UI SIN[EA

s1opwelvd [vPW = JfI Iq¥L
siayoureed onmdsont = ] 2qe],
s1opwered eordoolq pue eotsAyd = 998l (1)

vorssfurwIoD) fonuo) Aupnd 1arm = D0DM
sisApeuy owediQ SMEIOA = VOA

193 39d swuidoronw = /8n

(1/10d) soptonuoiper Joj Wi UeNARG W = JAW

(®) ur ][ 9[qeL 295 ‘(Juopuadap sSOUPIRY) pIEPUEIS IN[BA I[qB] = SAL
punodmo)) paynuspy APAEIS L, = JIL

souwPWORYLLL [10] =  WHL
¥y afpuy PR = TVL

syrseds soroads = ss

J2A27 YONBINUBNY) [BINORL] = 10d
[Auaydiq pojeuuopyahied = GDd

190] 35d sorindootd = niod

Kousdy uonoojold MuUSWUONIAUY =  Vdd
PRALOSSIp = sIp

ey jo jusunaedag opexolod = HAD
weidoig £101810qe] 1PRIWOD = d10

FT4V1 40 NOILVYNV1dX3

(9) ©) anf. - 1an|-ny: Jopwered
F0ID]  WWID EULTN I L7 uonsa3uy ) Addng | . opry Kddng | prepumg @ (4] : : POURIN TOd [ 2dAy
INTBA | WO, amoIgy | - Ay | -aprpnT REILT'N (©)] 19mm | onenby oM EIm aneA Sn[A [ ONEA L ONEA (p) swdo
$OP{onTOIPEY ()| ~owpwy ¥ sy 1y (z1)| - omsewoq{—moudy { - - dWwory) Iy [ won[D|[ i agnay (¢ “UIIEUON
T 21981 -91qul ywemSag weong | (1 S(qEL D9I9e), $2[qe L, sormediy : op1'] snenby oyr] onenby | fsuadomore)
1) HI'I°T $9198L O 219eL g'v »[qeL
: (q) spreprmig .
(IXg) spreprig Aupen{) 191 PUE BOMUOYISSY) WERNS ¢ 7F § juowdog msog (%) sprepumg . apimamg O

(1/3n) SQUVANV.LS AJITVNO WALV FOVLINS (ODOMI/HAD) FLVLS
(1661 ‘T 39903190) SOAL/SAVAV DIAIDAIS~TVOINGHD TVLLNALOd
¢¢a1avl




e

DL 21¢ sprepuels s1oads-allS YV YV 218 SpIRpUEIs apim-ulseq

“0661/S1/7 POPUIWE 186179/t (8-T0O0T UDD ) 0°8'€ Wseg 1oany [MH Ajows ‘wiseg 1aarg uwolqnday ‘UIseg JOATY OIWBITT ‘UIsBY JIATY SNV[J 'S JOJ SPISPUTIS SHAWNN PUB SUOHEOYISSELD ‘DDOM/HAD (@
(0661/9:0T01-1001 :97¢ 32H0daY [EIMGWLOLIAUT)

(VAV) 6861/0£/6 POPUSWE ‘p161/S1/1 (8-Z00F UDD §) 0'1°€ spIupums Aufend 321 0puIo[e) ‘DDOM/HAD (e

071 ST g7 Wnipsy 10} TAW 'S°0 St 977 Waipsy 10§ TAW (v1)
*prepusls st [OJ 210Ja194 “TOJ (Ueys WwaBurns 210W) MOT3q St pIBPUBIS €1
(@) u (¥)(7) 5°8°¢ vonses S (Z1)
-poIOoIAp SIWOS! [BOPIAIPUI-2IMXTW = J spuod 2§1eyastp U pasojuows = 5 !paiojfuow APUNINOI 0U = P
‘AD UI DI S¥ PAI9IRp = 9 {§D) UL SOIL 8 PAIARP = q ‘AD Ul W01 S8 pa)oeip = B Ivdd=1 ‘1§3d-dTD=dD ‘153d-VdI=4d ‘INIS-dT10=8D WOA-dTI=AD ‘dTO-UOU=DN TV L-dTO=1D 218 SUOLHIASIQYE POYIW ({])
AMBOA=A ‘OIE[OA-TWIS=AS ‘PIPNUCIpEI=Y ‘gDd/PIoNsad=dd aponsad =g '[ERW=]N '10je31pUI=] ‘roroweled ppLj=d UIXOIp=(] ‘UON®d=)) ‘BlIRG={ ‘UOIUB=Y [3J8 SUONIBIADIQQE adAa (pI)
(8) VT (2)(J) 11°1°€ von2as 295 (6)
(Auo otuoiyd) sprepuElg oIy owedsQ [BUONIPPY 1 2[qeL SApAIdY] (8)
seo3 21w spIepusls ¢ W3S (L)
spIepurels ABp—] 21 SI9I0 T8 ‘Sprepuwms £Bp—(g 218 SUIZ pue ‘asousBuew ‘vot ‘3addoo ‘yyins ‘oplioy> ‘SpYIns ‘wIuOWWY 9)

9) (€) : S Jany (on : JopWRIv]
¥01)| J0ID anEA|  enEA uonsaduy : Aiddng| - op £jddng | prepuwig [¢A] @ : : POYUPIN 10d| 2441 :
INUTBA | TEWOM orOND| ANV | Ipionu] L Iaem (7)| ‘101 | onemby A eam an[EA onEA| . onMEA | onmA| . (7) suedo

saponuolpYy (8)} ~o1pwy el oAy @]  omsowoq|-moudy |- oporgy amoy | dmonp| - iemdy . —uaresuoN
7 91qeL | oiqe ] ywewdag weong | (1 J198L 0 2lqeL s3lqeL soue3iQ ajr] anwnby 917 onenby | suedoutose)
i (1) H'II'T #1981 D 3IgEL 4'V $9IqeL| -
. : (Q) sprepumig : :
(L)) spIepums AJImd) I9Mep PUY UCHEOYISSE]) Weens § 7§ p uewdog wiseg (s) sprepumis pImoTEIg ] L

(1/3n) SQYVANVLS ALITYNO YALVM FOVAANS (ODOMI/HAD) HLVLS
(1661 ‘T 120190) SOLL/SAVIV DIAIDAdS~TVIINAHD TVLING1LOd
£EaIgvV.L




4.0 DATA NEEDS AND DATA QUALITY OBJECTIVES

Phase I RFI/RI Data Quality Objectives (DQOs) have been developed for the collection of field data
to supplement the existing, historical data which have been evaluated in Section 2.0 of this Work
Plan. The field sampling and analysis program, which is detailed in Section 7.0 of this Work Plan,
will strive to augment the available data by generating new information from untested areas within
the site boundaries to achieve more uniform coverage of sampling. The program will also generate
new types of information with consistent, standardized quality assurance objectives and procedures
which increase validity, and establish relative levels of confidence for individual data and the

resulting interpretations.

Portions of the historical data set for the Solar Ponds area are of uncertain quality, and apparent
discrepancies prevent accurate, meaningful analysis. The proposed field sampling and analysis
program will generate a comprehensive set of field observations, field measurements, and laboratory
data types. The proposed use of each type of information will dictate the level of data quality
required for that measurement.

Site-specific data requirements and related DQOs are summarized in Table 4-1. The data collection
activities will focus on the characterization of the source and soils, as required of the Phase I RFI/RI
by the IAG. Definition of contamination sources will include surface radiation surveys, vadose zone
monitoring and testing of surficial and unconsolidated materials through field measurement, and
laboratory analysis. Characterization activities will include geophysical investigations to delineate
the Original Pond boundaries and subsurface features such as piping and tanks. The effectiveness
of the ITS in capturing shallow ground water will also be evaluated. The program will include

installing upgradient wells to expand the RCRA monitoring network.

The primary objective of an RFI/RI is collection of data necessary to evaluate the nature, distribu-
tion, and migration pathways of contaminants and to quantify any risks to human health and the
environment. These assessments determine the need for remediation and are used to evaluate
remedial alternatives, if necessary. The five general goals of an RFI/RI (U.S. EPA, 1988a) are as
follows:

1. Characterize site physical features

2. Define contaminant sources
3. Determine the nature and extent of contamination
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4. Describe contaminant fate and transport
5. Provide a baseline risk assessment

However, in accordance with the IAG, the RFI/RI for OU4 has been divided into two phases.
Phase I of the RFI/RI will address characterization of the site physical features and definition of
contaminant sources. Phase II of the RFI/RI will address determination of the nature and extent of

contamination and evaluation of the fate and transport of contaminants at OU4.

Data quality objectives (DQOs) are qualitative and quantitative statements that specify the quality
and quantity of data required to support the objectives of the RFI/RI (U.S. EPA, 1987). The DQO
process is divided into three stages:

Stage 1 - Identify decision types

Stage 2 - Identify data uses/needs
Stage 3 - Design data collection program

Through application of the DQO process, site-specific goals were established for the Phase I RFI/RI
and data needs were identified for achieving those goals. This section of the RFI/RI Work Plan
proceeds through the DQO process specific to the Phase I RFI/RI for OU4.

Data collected during previous investigations have been useful in developing and focusing the
DQOs. Previous data collection activities focused on site characterization rather than performing
a quantitative risk assessment or environmental evaluation. The historical data, along with the OU4
conceptual model, were summarized in Section 2.0 of this Work Plan. This section presents the
rationale used in identifying OU4 data needs.

4.1 STAGE 1 - IDENTIFY DECISION TYPES

Stage 1 of the DQO process identifies decision makers, data users, and the types of decisions that

will be made as part of the Phase I RFI/RI. The general decision types were identified early in

Stage 1 to determine data types sufficient to support decisions.

4.1.1 Identify and Involve Data Users
Data users are divided into three groups: decision makers, primary data users, and secondary data
users. The decision makers for OU4 are personnel from EG&G, DOE, EPA, and CDH who are

responsible for decisions related to management, regulation, investigation, and remediation of QU4.
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The decision makers are involved through the review and approval process specified in the IAG.
Primary data users are individuals involved in ongoing Phase I RFI/RI activities for OU4. These
individuals are the technical staff of CDH, EPA, EG&G, and EG&G subcontractors, including
geoscientists, statisticians, risk assessors, engineers, and health and safety personnel. They will be
involved in collection and analysis of data and in preparation of the Phase I RFI/RI report, including
the Baseline Human Health Risk Assessment and the Environmental Evaluation. Secondary data
users are those users who rely on RFI/RI outputs to support their activities. Secondary data users
of the Phase I RFI/RI information may include personnel from EPA, CDH, EG&G, and EG&G
subcontractors working in areas such as data base management, quality assurance, records control,
and laboratory management.

4.1.2 Evaluate Available Data

The historical and recently conducted investigations at the Solar Ponds and associated areas of OU4
have generated a significant quantity of data that is described in Section 2.0 of this Work Plan. The
following is a brief discussion of the completeness and usability of existing data based on the

information presented in Section 2.0.

4.1.2.1 Quality and Usability of Analytical Data

Analytical data used in characterizing contamination at OU4 are in the process of being validated
in accordance with EM Program QA procedures. As of early 1991, only a small fraction of the data
has been validated. At present much of the analytical data for radionuclides have been rejected.
Data were rejected because (1) sampling/analytical protocol did not conform to significant aspects
of the QA/QC Plan (Rockwell International, 1989a) or (2) there is insufficient documentation to
demonstrate conformance with these procedures. These data, at best, can be considered only
qualitative measures of the analyte concentrations. Analytical data generated during the 1991
sampling and analysis of Solar Pond liquids and sludges is of significantly better quality than
previous Solar Pond data (Weston, 1991).

The analytical data have been used qualitatively to scope the Phase I RFI/RI activities at OU4 as
presented in this Work Plan. Valid data are needed to accurately evaluate contamination at OU4.
Additionally, data obtained periodically are needed to perform statistical evaluations of ground water

quality and to assess temporal trends.
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Presently, under the site-wide RCRA ground water monitoring program, ground water quality at
OU4 is compared to sitewide definitions of background ground water quality to evaluate contamina-
tion. The methods used to establish background chemical quality at the RFP are presented in the
Final Background Geochemical Characterization Report for 1989, Rocky Flats Plant (EG&G,
1990d). In accordance with RCRA guidance, ground water quality immediately upgradient of the
site must be evaluated to accurately assess potential contamination related to the Solar Ponds and
to differentiate contamination from other potential sources located upgradient of the site (U.S. EPA,
1988a). Therefore, the installation of upgradient/background ground water monitoring wells has
been included in this Phase I RFI/RI Work Plan.

4.1.2.2 Physical Setting
The physical setting of the Solar Ponds area is described in detail in Section 2.0. Additional data

are needed for consistency and to provide more thorough coverage of the site.

4.1.2.3 Characterization of Contamination of the Solar Ponds

The nature of contamination is described in detail in Section 2.5. Weston has thoroughly character-
ized the pond liquids and sludges and no further data are needed. However, additional data for the

soils are needed to fully characterize the site.

4.1.3 Develop Conceptual Model

A conceptual model for OU4 has been developed in Section 2.6 and is illustrated in Figure 2-30.
This model includes a description of contaminant sources, release mechanisms, transport medium,
contaminant migration pathways, exposure routes, and receptors. Because few previous studies have
provided valid data, the model is a basic Phase I model. The site-specific conceptual model for
OU4 is discussed briefly below.

The primary source of contamination at the Solar Ponds are the liquids and sludges contained in the
ponds. Secondary sources of contamination may include lining materials and base course materials;
soils beneath the Solar Ponds that have been contaminated by pond liner and/or pipeline leakage;
ground water, contaminated surface water, and contaminated surface soils as a result of aerosol

dispersion from the ponds.

The primary release mechanisms for contaminants from the Solar Ponds are likely to be pond liner

leakage, pipeline leakage and windblown aerosols. The exposure pathways for contaminants from
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the Solar Ponds to reach receptors are via ingestion, inhalation, or dermal contact to windblown
contaminated soil, contaminated ground water, and surface water. Receptors are defined as the
human or ecological populations exposed to contaminants at the exposure points. Human receptors
include primarily present and future RFP workers and secondarily residents living downwind and/or
downgradient of OU4. Ecological receptors include terrestrial wildlife, aquatic wildlife, and

terrestrial and aquatic vegetation in and around OU4.

4.1.4 Specify Phase I RFI/RI Objectives and Data Needs

Based on the existing site information (Sections 2.2 through 2.4), the nature of contamination
(Section 2.5), the site-specific conceptual model for OU4 (Section 2.6), and an evaluation of the
quality and usability of the existing data (Section 4.1.2), site-specific Phase I RFI/RI objectives/data
needs associated with identifying contaminant sources and characterizing contamination have been

developed. These are summarized in Table 4.1 and are discussed below.

In accordance with the IAG, the specific objectives of the Phase I RFI/RI field investigation for
OU4 are as follows:

Characterize Site Physical Features and Define Contaminant Sources

¢ Determine the boundaries of the Original Pond.

» Assess the Interceptor Trench System
- Determine the extent at which the ITS is keyed into bedrock
- Determine the head differential across the ITS

* Delineate sandstone paleochannels/fracture sets in bedrock

o Install upgradient/background ground water monitoring wells for IHSS 101 (the Solar
Ponds)

 Investigate presence of subsurface piping
» Determine the presence or absence of contamination in surficial soils

» Determine the presence or absence of contamination in subsurface/vadose zone materials.
As previously discussed in Sections 2.3 and 2.5, extensive analysis of pond liquids and sludges have

already been conducted in order to characterize the chemical, radiochemical and geochemical

characteristics of the material contained in each pond. Historical results and the May 1991 sampling
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and analysis by R. F. Weston are deemed sufficient to characterize the Solar Ponds’ liquids and

sludges. Therefore, further sampling and analysis is not proposed.

Provide a Baseline Risk Assessment

The objectives of the Baseline Risk Assessment are discussed in Sections 8.0 and 9.0.

Determine Nature and Extent of Contamination
This will be addressed in the Phase II RFI/RI Work Plan.

Describe Contaminant Fate and Transport
This will be addressed during Phase II RFI/RI Work Plan.

4.2 STAGE 2 - IDENTIFY DATA USES/NEEDS

The data needed to meet each of the site-specific Phase I RFI/RI objectives developed for OU4 are
listed in Table 4-1. The associated sampling and analysis activities are also identified in Table 4-1.
Specific plans for obtaining the needed data are presented in Section 7.0 (Field Sampling Plan). The
following sections discuss the uses, general types, quality, and quantity of the data needed for the
OU4 Phase I RFI/RL

4.2.1 Identify Data Uses
RFI/CMS data can be categorized according to use for the following general purposes:

Site characterization

Health and safety

Risk assessment

Evaluation of alternatives

Engineering design of alternatives

Monitoring during remedial action

Determination of potentially responsible parties (PRPs)

Because this Work Plan describes a Phase I RFI/RI, data uses such as engineering design and
monitoring during remediation (both remedial action activities) will not be considered. The data
use for PRP determination is also not appropriate to this Work Plan. The remaining four data uses
will be important in meeting the objectives identified in Section 4.1.4. Data uses for specific

sampling and analysis activities for the Phase I investigation at OU4 are listed in Table 4-1.
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4.2.2 ldentify Data Types

‘ Data types can be initially divided into broad groups and again divided into more specific compo-
nents. Examples of data types include geophysical data, physical data, chemical data, water level
data, and field screening data.

For the Phase I investigation, surficial soil, and subsurface unconsolidated material and ground water
samples will be collected. Radiation surveys will be conducted over the Solar Ponds area and
geophysical surveys will be conducted in the areas of the Original Pond, the Solar Ponds and the
ITS. Vadose zone monitoring and water level determination at the ITS will also be conducted.
These data types will provide Phase I information to further characterize physical features and
contamination at OU4. Selection of chemical analyses has been based on the objectives of the Phase

I program and on the past activities at the units. Data types are listed in Table 4-1.

4.2.3 Identify Data Quality Needs
EPA defines five levels of analytical data, listed as follows (U.S. EPA, 1987):

* Level I - Field screening or analysis using portable instruments. Results are often not
compound-specific and not quantitative, but results are available in real time. It is the least
costly of the analytical options.

Level II - Field analysis using more sophisticated portable analytical instruments; in some
cases, the instruments may be set up in a portable laboratory onsite. There is a wide range
in the quality of the data that can be generated. The quality depends on the use of suitable
calibration standards, reference materials, and sample preparation equipment and on the
training of the operator. Results are available in real time or several hours.

» Level III - All analysis performed in an offsite laboratory. Level III analyses may or may
not be performed according to CLP procedures, but the validation or documentation
procedures required of CLP Level IV analysis are not usually utilized. The laboratory may
or may not be a CLP laboratory.

 Level IV - CLP routine analytical services (RAS). All analyses are performed in an offsite
CLP analytical laboratory following CLP protocols. Level IV is characterized by rigorous
QA/QC protocols and documentation.

« Level V - Analysis by non-standard methods. All analyses are performed in an offsite
analytical laboratory that may or may not be a CLP laboratory. Method development or
method modification may be required for specific constituents or detection limits. CLP
special analytical services (SAS) are Level V.

All five levels of data quality will be necessary for performing Phase I field activities. The levels
. appropriate to the data need and data use have been specified in Table 4-1.
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Data quality for the Phase I RFI/RI will be achieved by meeting the requirements for Level I
through V data outlined in GRRASP (EG&G, 1991j) and by adhering to the data collection

protocols provided in agency-approved Standard Operating Procedures (SOPs) and Procedure Change
Notices (PCNs).

4.2.4 Identify Data Quantity Needs

Data quantity needs are based primarily on an evaluation of the information available for character-
izing the site physical features and contamination at OU4. This is consistent with guidance provided
in Data Quality Objectives for Remedial Response Activities (U.S. EPA, 1987) and Guidance for
Data Useability in Risk Assessments (U.S. EPA, 1990). Additionally, data quantity needs are
designed to be consistent with similar data collection activities performed for the Phase I RFI/RI
for OU 6 (Walnut Creek) and OU 9 (Original Process Waste Lines). The rationale for sampling
quantities is described in the FSP presented in Section 7.0 of this Work Plan.

To ensure that a sufficient amount of valid data are generated, the FSP was designed to include (1)
a rationale for all field activities based on an evaluation of the existing information, (2) a phased
approached using screening-level techniques to identify and/or locate critical sampling sites, and (3)
contingency plans for obtaining data from critical locations. These components of the FSP are

discussed further in Section 7.0.

4.2.5 Evaluate Sampling/Analysis Options
To ensure that sufficient and adequate data are collected, the Phase I RFI/RI for OU4 is based on

a stepped, or phased, approach in which field screening techniques (e.g., Level I and II data types)
are used to direct data collection activities designed to obtain Level III through V data. This
stepped program has been designed to be consistent with the IAG schedule.

This approach maximizes collection of useful data because field screening techniques are used to
properly locate and minimize intrusive data collection activities such as borehole drilling.

Additionally, this approach minimizes the volume of hazardous waste material generated that
requires special management, the potential exposure of field personnel to hazardous waste material,

and the overall time to perform the field activities.

Three types of activities will be performed during the Phase I field investigation: (1) screening

activities, (2) sampling activities, and (3) monitoring well installation. Screening activities (Levels I
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and II) include visual inspection, radiological surveys, and geophysical techniques. Analysis of
surficial soils and subsurface materials from test borings, will provide Level III through IV data.
Monitoring wells will provide Level I type data.

Sampling options for the Phase I RFI/RI were selected on the basis of their ability to (1) obtain data
consistent with the DQOs in the least intrusive manner, (2) obtain multiple types of data at each
sampling location, and (3) reduce the number of "leave-behind" sampling locations requiring long-

term maintenance and care.

4.2.6 Review of PARCC Parameter Information

~ PARCC parameters are indicators of data quality. Precision, accuracy, and completeness goals are
established for this Work Plan according to the analyses being performed and the analytical levels.
PARCC goals are specified in the Quality Assurance Addendum (QAA) discussed in Section 10.0
of this Work Plan.

The analytical program requirements for OU4 are discussed in Section 7.4 of this Work Plan. The
GRRASP (EG&G, 1991j) and the RFP site-wide Quality Assurance Project Plan (QAPjP) provide
listings of the CLP analytes and detection/quantification limits for Target Compound List (TCL)
volatile organics, semivolatile organics, pesticides/PCBs, Target Analyte List (TAL) metals,
radionuclides, and inorganic parameters. These analytical methods are appropriate for meeting the
data quality requirements for analytical Levels I through V during the Phase I RFI/RI. The
precision, accuracy, and completeness parameters for analytical Levels I through V are discussed

below, along with the completeness and representativeness for all analytical levels.

Precision measures the reproducibility of measurements under a given set of conditions. Accuracy
measures the bias or source of error in a group of measurements. Precision and accuracy objectives
for the analytical data collected for the Phase I RFI/RI at OU4 will be evaluated according to the
control limits specified in the referenced analytical method and/or in data validation guidelines. For
the radionuclide analyses, the accuracy objectives specified in the GRRASP the RFP site-wide
QAPjP will be followed. The specified criteria for precision and accuracy are described in the
QAA. Precision and accuracy for non-analytical data will be achieved through protocols outlined
in agency-approved SOPs and PCNs.
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Completeness is defined as the percentage of measurements made that are judged to be valid. The
target completeness objective for the OU4 field and analytical data is 100 percent, although 90
percent will be the minimum acceptable level. The FSP was designed to generate a sufficient
amount of valid data and to include (1) a rationale for all field activities based on an evaluation of
the existing information, and (2) a phased approach using screening level techniques to identify
and/or locate critical sampling sites. These components of the FSP are discussed further in Section
7.0.

Comparability is a qualitative parameter expressing the confidence with which one data set can be
compared to another. In order to achieve comparability, work will be performed at OU4 in
accordance with approved sampling and analysis plans, standard analytical protocols, and approved

SOPs for data collection. Consistent units of measurement will be used for data reporting.

Representativeness expresses the degree to which sample data accurately and precisely represent the
characteristics of a particular site or condition. Representativeness is a qualitative parameter related
to the design of the sampling and analysis components of the investigative program. The FSP
described in Section 7.0 of this Work Plan and the referenced SOPs describe the rationale for the

sampling program to provide for representative samples.

4.3 STAGE 3 - DESIGN DATA COLLECTION PROGRAM

The purpose of Stage 3 of the DQO process is to design the specific data collection program for the
Phase I RFI/RI for OU4. To accomplish this, the eclements identified in Stages 1 and 2 are
assembled and the Sampling and Analysis Plan (SAP) prepared. The SAP consists of (1) a Quality
Assurance Project Plan (QAPjP) that describes the policy, organization, functional activities, and
QA/QC protocols necessary to achieve the DQOs dictated by the intended use of the data and (2)
a FSP that provides guidance for all fieldwork by defining in detail the sampling and data collection
methods to be used in the Phase I RFI/RI for OU4. These two components are presented in Sections
7.0 and 10.0 of this Work Plan. A detailed discussion of all samples to be obtained is presented
in Section 7.0 for each media and includes sample type, number of samples, sample location,
analytical methods, and QA/QC samples.
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5.0 RCRA FACILITY INVESTIGATION/REMEDIAL INVESTIGATION TASKS

5.1 TASK 1 - PROJECT PLANNING

Project planning for the implementation of the Phase I RFI/RI for OU4 will include numerous
activities in addition to tasks completed as part of this Work Plan. Review of previous site
investigations, preliminary site characterization, preliminary identification of potential ARARs and
the development of Data Quality Objectives and a FSP have all been completed as part of this Work
Plan and are contained in Sections 2.0, 3.0, 4.0, and 7.0.

Prior to performing field activities for OU4, it will be necessary to review new information and data
that become available after preparation of this Work Plan. Additional planning will be required to;
1) coordinate with other field investigation programs occurring in the same vicinity and ongoing
operations at the Solar Ponds (i.e., pond dewatering and sludge removal), 2) accommodate the
special requirements of security within the Protected Area (PA) and 3) evaluate and plan for health
and safety concerns.

The schedule and completion of field activities will be contingent on the clean out of the individual
ponds. The schedule as to when individual ponds will be cleaned and available for field investiga-
tive activities is uncertain. Therefore, flexibility has been incorporated into the Field Sampling Plan
(Section 7.0). Other nearby OU field programs such as OU6, Walnut Creek Drainage, and of
particular note, OU9, Original Process Waste Lines (OPWL) will be generating analytical and site
characterization data.

The OPWL network resides extensively within the boundaries of the Solar Ponds area and represent
significant potential sources of contamination which will be investigated as a separate OU.
However, planning of these activities should be closely coordinated with OU4 activities to prevent

redundancy and to optimize efficiency.

Security requirements of working within the PA will require detailed planning and coordinating with
RFP personnel. The use of pickup trucks and other vehicles will likely be constrained. It is
anticipated that health and safety requirements, such as level of personnel protective equipment, will
be dependent on the areas within QU4 and other ongoing activities. Daily coordination and
scheduling with ongoing activities will need to be conducted to ensure proper health and safety
measures.
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5.2 TASK 2 - COMMUNITY RELATIONS
In accordance with the IAG, the RFP is developing a Community Relations Plan (CRP) to inform

and actively involve the public in decision-making as it relates to environmental restoration
activities. The vehicle for public involvement in the RFI/RI process is through the Technical
Review Group process. The CRP will address the needs and concerns of the surrounding communi-
ties as identified through approximately 80 interviews with federal, state, and local elected officials;
businesses; medical professionals; educational representatives; interest groups; media; and residents
adjacent to the RFP,

A Draft CRP was issued for public comments in January 1991. The Draft CRP was revised to
reflect public comment, and following EPA and CDH approval, a final CRP was scheduled to be
released in August 1991. Accordingly, a site-specific CRP is not required for OU4.

Current community relations activities concerning environmental restoration include participation
by plant representatives in informational workshops; presentations at meetings of the Rocky Flats
Environmental Monitoring Council; briefings for citizens, businesses, and surrounding communities
on environmental restoration and monitoring activities; and public comment opportunities on various
EM Program plans and actions. RFP personnel involve several special interest groups in decisions
that pertain to environmental restoration activities, including the Rocky Flats Cleanup Commission,
the recipient of the EPA Technical Assistant Grant.

In addition, a Speakers’ Bureau program provides plant speakers to civic groups and educational
organizations, and a public tours program allows the public to visit the RFP. The RFP also
produces fact sheets and periodic updates on environmental restoration activities for public

information and responds to numerous public inquiries regarding the RFP.

5.3 TASK 3 - FIELD INVESTIGATION

The Phase I RFI/RI field investigation for the Solar Ponds area is designed to meet the objectives
outlined in Section 4.0 of this Work Plan. Additionally, the data will be used to support the Phase 1
Environmental Evaluation and the Phase I Human Health Risk Assessment.

Several types of activities will be performed during the Phase I field investigation including
screening activities, sampling activities, and monitoring well installation. Screening activities

include radiological surveys, geophysical investigations, visual inspections, and piezometer
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installation. Technical details regarding these activities are discussed in Section 7.0. Sampling
activities include surficial soil sampling, subsurface sampling using vadose zone borings, and ground
water sampling. Two monitoring well clusters will be installed at upgradient locations and will be
sampled after completion and development. The activities described below will be performed as

part of the field investigation, as described in detail in Section 7.0.

5.3.1 Upgradient Ground Water Monitor Well Installation

¢ New ground water data will be reviewed to verify that proposed cluster well locations are
upgradient of OU4.

¢ Monitor well clusters will be installed.
* One ground water sample will be collected from each well and analyzed for the full list of

parameters analyzed in the RCRA Monitoring Program.

5.3.2 Site-Wide Radiological Survey and Surficial Sampling Program

s Alpha and gamma/beta radiation readings will be taken at nearly 350 locations throughout
the Solar Ponds area. Real-time radiation readings will be used to assess surficial radiation
in the Solar Ponds area, transported by aerosol dispersion or as seeps to the surface.
Readings will be taken at each node of a 100-foot by 100-foot grid in the ITS area, and at
nodes of a more dense grid in the Solar Ponds area.

* A one-inch composite surficial soil sample will be collected at randomly selected locations
within the grid system described above. Samples will be collected at a ratio of 1 in 10
survey points (approximately 35 samples) and analyzed for metals, inorganics and radionucl-
ides.

5.3.3 Vadose Zone Monitoring

+ Research on available vadose zone monitoring techniques will be conducted and their
applicability to the Solar Ponds area assessed.

« Instrumentation such as lysimeters, tensiometers or other techniques will be utilized for

potential use at the Solar Ponds area.

5.3.4 Original Pond Investigation
s Available documentation regarding the Original Pond will be obtained and reviewed

possibly including original construction drawings, aerial photographs before, during, and
after 1952 to 1970, and any other available historical documentation.
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The surface radiation survey and surficial soil sampling program described in Section 5.3.2
above includes the Original Pond area.

A surface geophysical investigation using ground penetrating radar (GPR) will be performed
to delineate boundary of Original Pond and to locate subsurface features such as piping and
tanks. The results will be coordinated with the OPWL investigation.

Borehole construction and soil sample analysis will be conducted at four locations in the
Original Pond area. Three boreholes will be placed within the perimeter of the old pond,
and one will be placed on the perimeter of the Original Pond.

A 0 to 1-inch sample will be collected at each borehole to provide data comparable to the
surficial soil program. A minimum of five-foot intervals will be collected thereafter.
Downhole geophysical investigations will be conducted at each borehole. Samples will be
analyzed for metals, inorganics, radionuclides, volatile and semivolatile organic compounds,
pesticides, and nitrate.

5.3.5 Solar Ponds Area

Any recently obtained data in the vicinity of the Solar Ponds will be reviewed such as
monthly surface water monitoring results and quarterly ground water monitoring results.
Any additional data generated as a result of pond liquid and sludge removal operations will
also be obtained and reviewed.

Surface radiation survey and surficial soil sampling program described in Section 5.3.2
includes the Solar Ponds area.

A surface geophysical investigation using GPR will be performed to identify subsurface
features such as piping or tanks. The results will be coordinated with the OPWL investiga-
tion.

A visual survey of pond liner damage will be conducted and locations of liner cracks or
damage placed on a map.

Borehole construction and soil sample analysis will be conducted at 17 locations inside the
ponds, and 10 locations on or near pond embankments. Borings inside the ponds will be
placed in cracks identified in the visual survey and in areas where the liner is in good
condition to determine if the cracks provided the primary pathways for contaminant
migration. The liner and base course will be removed at the borehole, and undisturbed
materials below sampled. A 0 to 1-inch sample and 5-foot minimum samples thereafter will
be collected. Perimeter boreholes are intended to assess lateral migration of pond contami-
nants, and will be sampled at the same intervals as borings inside the ponds. Proposed
analyses include those listed for the Original Pond soil samples.

5.3.6 Interceptor Trench System and Remainder of Site

» Available documentation will be reviewed and personnel interviews conducted regarding the

ITS design and construction.
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» The surface radiation survey and surficial soil sampling program described in Section 5.3.2
includes the ITS and remainder of site.

* Boreholes will be constructed in the ITS, downgradient of the ITS and on the outer edges
of the Solar Ponds area to investigate vadose zone contaminants. Sampling intervals are
consistent with those described above. The analytical parameter list includes metals, nitrate,
inorganics, and radionuclides.

* A series of piezometers will be installed in three locations across the primary french drain
and in two finger drains to provide hydrologic characterization information. Water levels
will be obtained and used to assess system effectiveness. Once installed and preliminary
effectiveness evaluated, tracer studies may be proposed to investigate potential contaminated
flow paths.

5.4 TASK 4 - SAMPLE ANALYSIS AND DATA VALIDATION

Analytical procedures will be completed in accordance with the ER Program QAPjP (EG&G,
1991k). Analytical detection limits, sample container and volume requirements, preservation
requirements, and sample holding times are discussed in Section 7.4 of the FSP,

Results of data review and validation activities will be documented in data validation reports. EPA
data validation functional guidelines will be used for validating organic and inorganic (metals) data
(U.S. EPA, 1988c). Data validation methods for radiochemistry and major ions data have not been
published by EPA, but data and documentation requirements have been developed by EM Program
QA staff. Data validation methods for these data are derived from these requirements. Details of
the data validation process are described in the QAPjP (EG&G, 1991k).

Phase I data will be reviewed and validated according to data validation guidelines in the QAPjP
and the Data Validation Functional Guidelines (EG&G, 1990b). These documents state that the

results of data review and validation activities will be documented in data validation reports.

5.5 TASK S - DATA EVALUATION

Data collected during the Phase I RFI/RI, as well as previously collected data, will be incorporated
into the existing RFEDS database and will be used to better characterize contaminant sources and
soil. These results also will be used in delineating the requirements for the Phase II RFI/RI plans
for determining the impact of OU4 on surface water, ground water, air, the environment, and biota,
as well as the potential contaminant migration pathways at OU4. Additionally, data will be used

to support the evaluation of proposed remedial alternatives and the BRA.
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5.5.1 Site Characterization

The additional data collected during Phase I will be incorporated into the existing site characteriza-
tion. Geophysical data will be used in the delineation of the Original Pond. Physical and chemical
data will be used in the delineation of the Original Pond and to delineate sandstone channels and
possible fracturing in the bedrock. The site geologic map and cross sections will be revised on the
basis of new information. Water level data will be used to characterize the ground water flow

regime in the vicinity of the Solar Ponds and to assess the effectiveness of the ITS,

5.5.2 Source and Soils Characterization

Analytical data from unconsolidated material samples and surficial soils will be used to:

Characterize the nature of source contaminants

Characterize the lateral and vertical extent of source contaminants
Evaluate on-site contaminant concentrations

Quantify the volume of source material.

Analytical data obtained from samples of soils will be used to characterize the sources of contamina-
tion. Data will be summarized graphically and/or in tabular form to assist interpretation. If
appropriate, contaminant isopleth maps will be prepared to summarize the spatial distribution of

source and soil contaminants.

The criteria for the identification of contamination will be analyte-specific for each geologic unit
(such as the Rocky Flats Alluvium, Colluvium, or artificial fill). For all analytes (including
radionuclides), only those concentrations that exceed the site-specific background concentrations will
be considered likely evidence of contamination. These data will be compared to sitewide back-
ground values provided in the Final Background Geochemical Characterization Report for 1989
(EG&G, 1990d).

5.6 TASK 6 - PHASE I BASELINE RISK ASSESSMENT

As required by the IAG, a Baseline Risk Assessment (BRA) that will address the risk associated
with source and soils will be performed as part of the Phase I RFI/RI report. The BRA includes
a Human Health Risk Assessment and an Environmental Evaluation for OU4. The purpose of the

Human Health Risk Assessment and Environmental Evaluation are to assess the potential human
health and environmental risks associated with the site and to provide a basis for determining

whether remedial actions are necessary. In accordance with the IAG, risks will be calculated at the
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source. The Human Health Risk Assessment will address potential public health risks, and the

Environmental Evaluation will address environmental impacts.

Existing data and data collected during the Phase I RFI/RI will be used to support the quantitative
Human Health Risk Assessment and Environmental Evaluation. The sampling program will be
designed to generate data that meet the requirements set forth in Guidance For Data Useability In
Risk Assessment (U.S. EPA, 1990).

These assessments will aid in the preliminary screening of site remedies based on the contaminants
of concern and the environmental media associated with potential risks to public health and the

environment. The risk assessment process will be accomplished in five general steps:

Identification of chemicals of concern

Exposure assessment

Toxicity assessment

Risk characterization

Qualitative and quantitative uncertainty analysis.

bl el i

As stated in the IAG, a risk characterization of the following scenarios will be developed:

1.  Current site conditions (No Action Alternative)
2. Worker and public exposure during remedial action
3.  Past remedy risk.

If the Human Health Risk Assessment and Environmental Evaluation determine that risks posed by

contamination at OU4 must be remediated, Tasks 7 and 8 will be conducted.

The objectives and the description of work for the Human Health Risk Assessment are described
in detail in Section 8.0 of this Work Plan. The Environmental Evaluation Work Plan is presented
in Section 9.0.

5.7 TASK 7 - DEVELOPMENT, SCREENING, AND DETAILED ANALYSIS OF REMEDIAL
ALTERNATIVES

5.7.1 Remedial Alternatives Development and Screening
This section identifies potential technologies applicable to remediation of contaminated soils, surface

water, and ground water within and affected by OU4. The identified technologies are based on the

preliminary site characterization developed in Section 2.0. Identification and screening of technolo-

RFPawb.r 5-7 11120091



gies, assembling an initial screening of alternatives, and identification of interim response actions
will be conducted while the Phase I RFI/RI is being conducted. However, investigation of this
operable unit is in its early stages; thus, remedial alternatives are only briefly reviewed in this

section. A more detailed evaluation of the remedial alternatives for OU4 will be performed as more
data are collected.

The process employed to develop and evaluate alternatives for OU4 will follow guidelines provided
in the National Contingency Plan (NCP). Although RCRA regulations will direct remedial
investigations at OU4, the CERCLA process will also be considered for guidance because it
specifies in greatest detail the steps that should be followed for selection of remedial alternatives.

In addition, the IAG requires general compliance with both RCRA and CERCLA guidance.

The steps followed to develop remedial alternatives for OU4 are as follows:

1. Develop a list of general types of actions appropriate for OU4 (such as containment,
treatment, and/or removal) that may be implemented to satisfy the objectives defined in
the previous step. These general types or classes of actions are generally referred to as
"general response actions" in EPA guidance.

2. Identify and screen technology groups for each general response action. Screening will
eliminate groups that are not technically feasible at the site.

3. Identify and evaluate process options for each technology group to select a process option
representing each technology group under consideration. Although specific process
options are selected to represent a technology group for alternative development and
evaluation, these processes are intended to represent the broader range of options within
a general technology group.

4. Assemble the selected representative technologies into site closure and corrective action
alternatives for OU4 that represent a range of treatment and containment combinations,
as appropriate.

5. Screen the assembled alternatives in terms of the short- and long-term aspects of three
broad criteria: effectiveness, implementability, and cost. Because the purpose of the
screening evaluation is to reduce the number of alternatives that will undergo thorough
and extensive analysis, alternatives will be evaluated in less detail than subsequent
evaluations.

6. Develop preliminary cancer risk-based remedial action goals for affected media. Prelimi-
nary remedial action goals will be applied as performance objectives for evaluating the
effectiveness of specific technology processes identified as candidate components of
viable remedial action alternatives. Consistent with the NCP, preliminary remediation
goals will be established at a 1 x 10" excess cancer risk point of departure evaluated at
the source. As the CMS/FS evolves, preliminary remediation goals may be revised to a

RFPawb.r 5.8 11120091



different risk level on the basis of consideration of appropriate factors that include, but
are not limited to, exposure, uncertainty, and technical issues.

7. Remediation goals associated with toxic, non-cancer risk will be determined using the
appropriate reference dose for each chemical present on the site. A Hazard Index (HI)
will then be calculated. If the HI exceeds 1.0, further investigation of preliminary
remediation goals will be evaluated. If the HI is less than 1.0, a toxic risk does not exist
at the site and remediation would not be required.

For the Phase I RFI/RI Work Plan, the appropriate level of alternatives analysis is the listing of
general response actions most applicable to the type of site under investigation. General response
actions are defined as those broad classes of actions that may satisfy the objectives for remediation
defined for OU4. Table 5.1 provides a list and description of general response actions and typical
technologies associated with remediating soils, ground water, and surface water. Table 5.1 also
includes a general statement regarding the applicability of the general response action to potential
exposure pathways. Not all of the alternative response actions and typical technologies listed may

be appropriate for OU4. Some will be discarded during the screening of alternatives.

The response actions outlined in Table 5.1 must be applied to the potential exposure pathways that
will be identified for OU4. The response actions can be capable of providing control over all or
some of the potential pathways. Partially effective response actions can be combined to form

complementary sets of response actions that provide control over all pathways.

In general terms, potential human exposure can be avoided by prevention of contaminant release,
transport, and/or contact. Thus, application of the response actions may be considered at three
different points in each potential exposure pathway (1) at the point where the contaminant could be
released from the source, (2) in the transport medium, and (3) at the point where the contact could
occur with the released contaminant.

The existing data do not adequately characterize the source, release mechanisms, and migration
pathways for contamination at OU4. Therefore, the existing data are not sufficient for implementing
the screening of alternatives. Phase I will generate data (Table 5.2) necessary to characterize the
source and soils (as defined in Section 1.0). Phase II of the RFI/RI will evaluate the impact of OU4
on surface water, ground water, air, the environment, and biota in addition to characterizing

potential contaminant migration pathways. Data obtained from these investigations will:

+ Describe the physical characteristics of the site
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* Define sources of contamination

» Determine the nature and extent of contamination in soil, ground water, surface water, and
air

» Describe contaminant fate and transport

Describe receptors.

These data will provide information for the preliminary screening of alternatives and a thorough,
comparative evaluation of the technologies with respect to implementability, effectiveness, and cost.
This information will allow for informed decisions to be made with respect to the selection of
preferred technologies. The FSP (Section 7.0) describes the methodology that will be followed to

obtain the required information for the Phase I RFI/RI characterization.

5.7.2 Detailed Analysis of Remedial Alternatives
Sufficient data may not be generated during the Phase I investigation to allow for a detailed analysis

of alternatives. The detailed analysis of each alternative will be performed when sufficient data are
generated during Phase II. The detailed analysis and selection of alternatives is the process of
analyzing and comparing relevant information in order to select a preferred remedial action. In
accordance with the NCP, containment technologies will generally be appropriate remedies for
wastes that pose a relatively low-level threat or where treatment is impracticable. Each appropriate
alternative will be assessed in terms of nine evaluation criteria, and the assessments will be
compared to identify the key attributes among the alternatives. Assessment in terms of eight
evaluation criteria is necessary for the CMS and the subsequent Corrective Action Decision
(CAD)/Record of Decision (ROD). The nine specific evaluation criteria are as follows:

Overall protection of human health and the environment
ARARs

Long-term effectiveness and permanence

Reduction of toxicity, mobility, or volume

Short-term effectiveness

Implementability

Cost

State acceptance

Community acceptance.

R N

These criteria are described in recently revised guidelines provided in the NCP. The first two

criteria are considered threshold criteria because they must be evaluated before further consideration
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of the remaining criteria. The next five criteria are considered the balancing criteria on which the
analysis is based. The final two criteria are addressed during the final decision-making process after
completion of the CMS/FS.

5.8 TASK 8 - TREATABILITY STUDIES/PILOT TESTING

The primary purposes of a treatability study are to provide sufficient technology performance

information and to reduce cost and performance uncertainties to acceptable levels so that treatment
alternatives can be fully developed and evaluated during detailed analysis. The task includes efforts
to evaluate whether treatability studies are necessary and, if so, to prepare for and conduct treatabili-
ty studies. If remedial alternatives are developed, the data collected as part of the field investigation
will be reviewed in terms of whether the alternatives can be evaluated. If additional data are

required, treatability studies or field investigations will occur.

If it is determined that a treatability study is necessary, a treatability work plan will also be
prepared. The plan will identify treatability tests that need to be conducted as well as the test
materials and equipment needed.

The treatability work plan will discuss the following:

* Results of treatability studies at other OUs

» The scale of the treatability study

» Key parameters to be varied and evaluated, and criteria to be used to evaluate the tests

* Specifications for test samples, and the means for obtaining these samples

» Test equipment and materials, and procedures to be used in the treatability test

o Identification of where and by whom the tests and any analytical services will be conducted,
as well as any special procedures and permits required to transport samples and residues and
conduct the test

* Methods required for residue management and disposal

» Any special QA/QC needed for the tests.

5.9 TASK 9 - PHASE I RFI/RI REPORT

The Phase I RFI/RI report will be prepared to consolidate and summarize the data obtained during

the Phase I fieldwork as well as data collected from previous and ongoing investigations. The
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Phase I RFI/RI report will consist of a Preliminary Site Characterization Summary and a BRA of

the Solar Ponds area and adjacent vadose-zone soils. This report will:

Describe the field activities that serve as a basis for the Phase I RFI/RI report. This will
include the scope of the Phase I investigation and any deviations from the Work Plan that
occurred during implementation of the field investigation.

Discuss site physical conditions based on existing data and data derived during the Phase I
RFI/RI. This discussion will include surface features, climate, surface water hydrology,
surficial geology (vadose-zone soils), geotechnical soil index properties and classification,
stratigraphy, ground water hydrology, demography and land use, and ecology.

Present site characterization results from all Phase I RFI/RI activities to characterize the site
physical features and contamination at OU4. The media to be addressed will be limited to
contaminant source and soils.

Discuss contaminant fate and transport based on existing information. This discussion will
include a preliminary identification of potential contaminant migration routes, release
sources and mechanisms, and a discussion of contaminant persistence, chemical attenuation
processes, and potential receptors.

Present a Phase I BRA. The BRA will include human health and environmental evaluations.
Present a summary of findings and conclusions.

Identify data needs for Phase II of the RFI/RI, if necessary.

Before submittal of the Phase I RFI/RI report, a Preliminary Site Characterization Summary will be

submitted to EPA and CDH for review. This summary will provide an early description of the

initial site characterization effort, including a preliminary presentation of analytical data and a

listing of chemical and radiological contaminants, the affected media, and potential sitewide

chemical-specific ARARs. In addition to the characterization summary, technical memoranda will

be prepared with the completion of each field sampling task to provide preliminary results of field

investigations.
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6.0 SCHEDULE

A preliminary schedule for conducting the Phase I RFI/RI is summarized in Figure 6-1. Dates
shown are from the IAG, dated January 22, 1991. According to the schedule, approximately 22
months will elapse from the time this Work Plan is finalized until the Phase I RFI/RI report is
issued.

The schedule indicates field activities continuing until August 1992. The schedule and completion
of field activities are contingent on the cleanout of the ponds. The Solar Ponds (OU4) are currently
in an IM/IRA process which will expedite the dewatering of liquids and removal of sludge from the
ponds. Furthermore, the ponds’ liners will require surficial cleaning/decontamination prior to
commencing field activities which are planned to occur within the ponds.
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7.0 FIELD SAMPLING PLAN

The purpose of this section of the Work Plan is to provide a Field Sampling Plan (FSP) which
outlines the activities which will generate sufficient and adequate data to satisfy the Phase I RFI/RI
objectives developed in Section 4.0. These site-specific objectives are presented in Section 7.1.
Current site conditions and a discussion of the rationale for the sampling and analysis activities

needed to obtain the necessary data to meet the Phase I objectives are summarized in Section 7.2.

The proposed field sampling program has been organized by geographic location. The sampling
activities proposed to meet the Phase I RFI/RI objectives for each location are presented in Sec-

tion 7.3. Sampling activities include:

* Installation of upgradient ground water monitoring wells

Site-wide radiological survey and surficial soil sampling

Site-wide vadose zone monitoring

Field sampling and geophysical investigation in the vicinity of the Original Pond

Field sampling and geophysical investigation of the existing Solar Ponds area

Field sampling and investigation of the Interceptor Trench System and site remainder.

This geographic approach is intended to allow flexibility in implementing the Phase I sampling
program concurrent with Interim Measure/Interim Remedial Action (IM/IRA) activities and

Pondcrete activities for Pond liquids and sludge removal.

The analytical program, including sample designations, analytical requirements, sample containers
and preservations, sample labeling and documentation is discussed in Section 7.4. Data management
and reporting requirements are described in Section 7.5, and Field QC Procedures in Section 7.6.
Air Monitoring Surveillance activities are described in Section 7.7. Health and Safety concerns for
the Phase I RFI/RI will be addressed in a project-specific Health and Safety Plan, developed at a
later date in accordance with EG&G’s site-wide Health and Safety Program.

Phase II of the RFI/RI will use the characterization of source and soils information obtained in

Phase I and will determine the nature and extent of contamination, describe contaminant fate and
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transport, and evaluate the impact of OU4 on surface water, ground water, air, and biota. Phase II

activities will be addressed in a separate Work Plan.

7.1 OU4 PHASE I RFI/RI OBJECTIVES
The specific objectives for characterizing source and soils in the Phase I RFI/RI field investigation
for OU4 are as follows:

Characterize Original and Existing Solar Ponds

1. Characterize location, type of contaminants, variation in contaminants and other unique
characteristics of the Original Pond.

2. Evaluate relative significance of pond liner material as potential sources of contamination,
and effectiveness of liners as barriers to contaminant migration.

3. Characterize surficial soil in vicinity of ponds potentially contaminated by aerosol
dispersion.

4. Characterize location and type of contaminants, variation in contaminants, and other
unique characteristics of vadose zone contamination in the Solar Ponds area.

5. Provide upgradient ground water monitoring wells to serve as a basis for comparison to
contaminant concentrations in ground water downgradient of the ponds.

6. Locate and identify subsurface features such as piping, tanks or structures in the vicinity
of the Solar Ponds.

7. ldentify subsurface geologic structures that provide a potential pathway for contaminant

migration in the Solar Ponds vicinity, including subcropping sandstones and fractured
bedrock.

Characterize Interceptor Trench System

1. Evaluate the construction of the Interceptor Trench System (ITS) in an attempt to deter-
mine effectiveness in intercepting Solar Pond contaminants in ground water.

2. Characterize location, type of contaminants, and variability in contaminant concentration
in unconsolidated materials in the vicinity of the ITS.

Provide a Baseline Risk Assessment

The objectives of the Baseline Risk Assessment are discussed in Sections 8.0 and 9.0.

Determine Nature and Extent of Contamination

This will be addressed in the Phase II RFI/RI Work Plan
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Determine Contaminant Fate and Transport
This will be addressed in the Phase II RFI/RI Work Plan

Another objective of the Phase I RFI/RI Work Plan is to generate data necessary to begin develop-
ment and screening of remedial alternatives, and to evaluate the need for the performance of
treatability studies. Similarly the data will be used to determine risks to human health and the

environment associated with Solar Pond contaminants.

7.2 BACKGROUND AND FIELD SAMPLING PLAN RATIONALE

Previous investigations performed in the Solar Ponds area and other pertinent information are

summarized in Section 2.0 of this Work Plan. Numerous investigations have been performed
previously at the Solar Ponds to characterize pond liquids, sludge, and contaminants in soil, ground
water, surface water, and air quality in the vicinity. Available information at the site includes
historical information on Solar Pond construction and use, aerial photographs, historical and current
liquids and sludge analytical results, soil sample results from borings constructed in the area of the
ponds, stratigraphic logs, ground water level measurements, ground water analytical results from
alluvial and bedrock wells in the vicinity of the ponds, surface water sample analytical results from
seeps and air monitoring results. As-built drawings of the ITS and analytical results from liquid
samples collected from manholes in the ITS are also available.

Few previous investigations have provided information on physical characteristics of the site such
as subsurface piping, geologic structures, or specifics regarding ITS configuration and effectiveness.
Geophysical investigations, advanced borehole drilling and piezometer installation are proposed in

this Phase I RFI/RI to provide information on physical site characteristics.

Only a small portion of the data for Solar Ponds area are known to be reliable or have been
validated. Most of the data is currently undergoing a validation process, and some soil boring
analysis results have already been rejected for laboratory QA reasons. All available data were used
to evaluate contaminant location and characteristics in this Work Plan, although most recent data
were relied upon more heavily since a higher level of documented quality is associated with the
more recent results.
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The sampling plan discussed in Section 7.3 differs somewhat from the plan devised in the Draft
Phase I RFI/RI Solar Ponds investigation. The rationale for major components of this revised Field

Sampling Plan are presented in the following paragraphs.

Field Sampling Plan Rationale

The liquid and sludge in the ponds will not be sampled in the Phase I effort. These contaminant
sources have been characterized to the extent possible through historical and recent sampling, and
they will be removed from the site. Prior to initiating field work within the ponds, the pond liners
will be decontaminated with steam cleaners after the liquids and sludge are removed, and the
relative significance of these liners as secondary sources of contamination will be evaluated in the
Phase I Program through field screening. Additional characterization of the pond liners will depend
on the results of the field screening. At this time, it is considered that analysis of the asphalt pond
liner materials would be appropriate if the liners are to be characterized for waste disposal.
However, the usefulness and accuracy of chemical analysis of the asphalt liner material for purposes

of characterizing contaminant sources in this Phase I RFI/RI is very limited.

Preliminary review of data indicate surficial soil contamination may exist in the vicinity of the Solar
Ponds. Radionuclides present in soil samples collected near the Solar Ponds are perhaps indicative
of aerosol dispersion from the ponds, an observation which prompted the development of a site-wide
surficial radiological survey for alpha and gamma/beta radiation. In addition, previous analytical
data did not provide an accurate representation of surficial contamination from radionuclides, metals
or other pond contaminants, because near surface samples included soils collected at depths of 2 to
5.8 feet from the surface. Therefore, a randomly chosen subset of these radiological survey points
will also be selected for surficial sampling and laboratory analysis. This randomly chosen subset
will allow correlation of the magnitude of radiological screening measurements with laboratory

analyses of specific radionuclide occurrence and concentration throughout the OU.

Ground penetrating radar is proposed in the Solar Ponds area to define subsurface features such as
piping, tanks, changes in lithology that could possibly delineate the location of the Original Pond,
and to provide nonintrusive information on geologic strata and structures underlying the site. The

rationale for selecting these methods is presented in appropriate subsections of this FSP.

Vadose zone monitoring techniques using lysimeters, tensiometers, or in situ soil vapor monitoring

instruments will be further investigated for use throughout the Solar Ponds area. Early research on
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these methods indicates the potential for investigating infiltration, contaminant leaching, and ground
water transport.

Radiological compounds in unconsolidated materials are also an indication of Solar Pond contamina-
tion. Radionuclides were detected in subsurface soil samples and ground water samples, and are
thought to be attributed to Solar Pond contamination. Radiological screening will be conducted on
soil cores from unconsolidated material boreholes to provide an indication of subsurface radiation,
and to screen samples to be submitted for laboratory radiochemistry analysis. Downhole geophysics
are also proposed to log gamma radiation with respect to depth.

Unconsolidated materials sampling will be conducted under the pond liners, in areas surrounding
the ponds, and in the vicinity of the ITS. Data considered pertinent to characterization of source
and soils are historical waste stream information and previous analytical results from the pond
liquids and sludge, as well as new data collected to evaluate the release of contaminants to the
underlying, undisturbed soil. Sampling of the pond liners themselves is not proposed in this
investigation, as the liners are not considered primary sources of Solar Pond contaminants. Remov-
ing the liquids and sludge will eliminate the primary sources of contaminants. The relative signifi-
cance of the liners as remaining sources of residual contamination after the liquids and sludge are
removed will be evaluated in the field using radiological and volatile organic compound screening
equipment. Sampling of pond liner materials may be proposed pending results of field screening

activities.

The installation of piezometers in the ITS area is proposed in this Work Plan to assist in characteriz-
ing the effectiveness of the drain in intercepting contaminated ground water. Piezometer installation
will allow the hydrologic system near the main interceptor trench to be further understood, by

providing water level information at several locations.

Upgradient monitoring wells will be installed in this Phase I RFI/RI to provide a basis to compare
downgradient ground water quality. Although characterization of site ground water is not within
the scope of the Phase I investigation, wells will be installed in response to a request from the
Colorado Department of Health.

The rationale for the Phase I sampling activities is based on an iterative process. Level I and Level

II data types will initially be acquired and used to direct subsequent intrusive sampling techniques
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that will provide Level III through V analytical results. A visual survey of pond liner condition will
guide the placement of vadose zone boreholes within the ponds. Similarly, vadose zone monitoring

results may be used to guide further soil and ground water investigations.

As part of the field sampling program, data from the sitewide monitoring program will be used as
appropriate to supplement the data collected during the Phase I investigation. These data include
the results of quarterly sampling of existing monitoring wells and monthly sampling of surface water
monitoring stations. Data resulting from the site-wide geologic characterization program will also
be used, where possible. Air monitoring activities conducted site-wide or in specific response to
the Pond Liquids and Sludge Removal activities will also be included.

Analytical Methods Rationale
The analytical suites for each area in OU4 were developed according to the type of waste suspected

to be present in each area. The rationale for the analytical suites is based on historical information
regarding types of contaminants detected or reportedly disposed in the Solar Ponds. Because the
field sampling program may be implemented in some locations before others, the analytical suites
proposed in this Work Plan may be revised based on results of initial field efforts. Any changes
to the analytical suite will need to be reviewed, proposed and accepted before any change will be
implemented.

7.3 EIELD SAMPLING PLAN DESIGN

The Phase 1 sampling activities at the Solar Ponds are discussed as six related, but independent

programs. They include:
1. Installation of upgradient ground water monitoring wells (Section 7.3.1)
2. Site-wide radiological survey and surficial sampling program (Section 7.3.2)
3. Site-wide vadose zone monitoring (Section 7.3.3)

4. Determination of location and contaminant distribution in the Original Pond (Section
7.3.4)

5. Determination of vadose zone contamination and subsurface features associated with
existing Solar Ponds (Section 7.3.5)

6. Investigation of unconsolidated materials and water table configuration in vicinity of the
ITS and in remainder of the site (Section 7.3.6).
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A review of aerial photographs and other recently collected data will be conducted prior to
commencing any field work mentioned above.

7.3.1 Upgradient Ground Water Monitoring Well Installation
To provide ground water quality data upgradient of the Solar Ponds, two well clusters with

individual wells screened in the alluvium, weathered bedrock, and unweathered bedrock ground
water systems will be installed. These wells are being installed as part of the Phase I RFI/RI
program to comply with a specific request by the Colorado Department of Health. The proposed
location of the well clusters is shown on Figure 7-1. Locations were chosen using the ground water
flow system depicted in Figures 2-17 through 2-20, which indicate a ground water flow direction
to the east. Screened intervals within the alluvium, weathered bedrock and unweathered bedrock
will be selected on the basis of most recent ground water level information obtained from RCRA
site-wide monitoring. The proposed cluster well locations were checked against the Comprehensive
List of Waste Management Units (U.S. DOE, 1986¢). None of these proposed locations are within
or immediately downgradient of an IHSS.

Monitor well installation procedures will be in accordance with SOP GT.6. Hollow-stem augers will
be used for well installation. During the drilling operation, the cuttings and formation water from
the boring will be placed in environmental materials drums if required by procedures in SOP FO.8,
Handling of Drilling Fluids and Cuttings. Bedrock wells will be isolated from the overlying units
with surface casing that has been pressure grouted in accordance with SOP GT.6. Documentation
required for installation of ground water monitoring wells will follow the guidelines established in
SOP GT.6. To minimize the potential for contamination caused by drilling activities, decontamina-
tion of drilling equipment will be conducted between zones and between wells in accordance with
SOPs F0.3, and F0.4. During drilling, airborne contaminant dispersion will be minimized in
accordance with SOP FO.1. A list of SOPs, which are relevant to this Phase I Work Plan, is

contained in Section 11.0.

One round of ground water samples will be collected from the upgradient cluster wells during the
Phase I RFI/RI. Subsequent sampling events will be conducted under the site-wide ground water
monitoring systems plan. Well development, ground water sampling and measurement of field
parameters will follow procedures outlined in SOPs GW.2, GW.5 and GW.6. Ground water samples
will be placed in appropriate containers for analytical testing according to SOP F0.13 Containeriz-

ing, Preserving, Handling, and Shipping of Soil and Water Samples. Ground water samples will be
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analyzed for the full suite of parameters analyzed in the site-wide RCRA monitoring program. A

discussion of the analytical program for ground water samples is provided in Section 7.4.

7.3.2 Site-Wide Radiological Survey and Surficial Sampling Program

Historically, Pond 207-A was used for disposal of liquids containing relatively high levels of the
radionuclides plutonium and americium. A preliminary radiation survey conducted on the Pond
207-A perimeters in August 1990 indicated elevated alpha readings confirming historical data
regarding high radionuclide content in Pond 207-A liquids and sludge. Based on this information,
a surface radiological survey is proposed to characterize low level radionuclide distribution

throughout the area.

A site-wide radiological survey using alpha and gamma/beta radiation meters will be conducted on
a grid system established throughout the Solar Pond area. The radiological survey will be conducted
based on procedures modified from SOP F0.16. If needed, a Document Change Notice (DCN) will
be developed prior to implementation. A 100-foot square grid will be established in the Solar Ponds
area, extending from Building 771 on the west to the easternmost interceptor trench on the east, and
from 1,500 feet south of the ponds to north of the ITS. The Perimeter Security Zone (PSZ) bisects
this area, however, the grid will not be established inside the PSZ. Radiation measurements will
be taken at all nodes of the established grid. In the Solar Pond area south of the PSZ, measurements
will be increased to include a supplemental point at the center of each 100-foot grid square.
Measurements are proposed at approximately 350 locations in the surface radiological survey,
depicted on Figure 7-2. The radiological survey will be conducted in coordination with activities

at adjacent operable units to minimize duplication of effort.

Prior to conducting the survey, the survey points will be paced and/or taped off. If a structure or
other obstruction makes conducting measurements at the node difficult, the survey location will be
moved to the closest location where readings may be taken. Additional survey points may be
established in the field in areas suspected of having elevated radionuclides, including surface water
seep locations and pond liner cracks. After measurement, locations will be surveyed using standard
land surveying techniques. Field team members will coordinate with ongoing operations personnel
to ensure that stakes or flagging used to identify sampling locations are not moved or damaged by

ongoing waste operations prior to surveying.
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The survey will be conducted using a Ludlum Model 12-1A alpha monitor with an air proportional
probe, or equivalent, and a high-purity germanium gamma-ray sensor. Calibration of the instru-
ments will be conducted daily.

The survey may be conducted in phases as access to areas such as the cleaned ponds becomes
feasible. Each grid node will be identified with a unique station number using alphabetical and
numeric grid identifiers such as A-1 or B-3 where letters are assigned to rows and numbers assigned
to columns. Any survey readings taken at nonstandard grid locations will also be given a unique
identifier.,

The gamma probe will be held at waist level and readings will be recorded at each location based
on the number of counts displayed on the instrument after one minute. Alpha radiation is measured
much closer to the soil than gamma radiation. The alpha counter will be held 4 to 6 inches off
ground surface and a minimum of two readings will be taken at each grid node. Alpha readings will
be collected at eight locations equidistant around a five foot radius circle at the surveyed location.
The eight readings will be recorded and the highest and lowest value identified. Gamma and alpha
readings will be recorded on data sheets which can be related to field location maps. The data sheet
to be used is Form F0.16A, which is contained in SOP F0.16. Additional readings may be collected

at anomalously elevated areas, although no more than 50 additional survey locations will be added.

Surficial Sampling

One out of every ten radiation survey locations will be selected for surficial soil sample collection.
Approximately 35 surficial soil samples will be collected and analyzed. Although the sampling
locations will be disturbed uniformly over the area, the precise location of each sample will be
selected at random. Randomized sample collection will allow subsequent correlation of radiation
survey measurements with laboratory analyses of specific radionuclide occurrence and concentration.
Methods for selecting random sample locations will be evaluated as part of the Phase I RFI/RI
Project Planning Task.

In accordance with procedures in SOP GT.8, two one-meter square areas located one meter apart
will be established at each surficial sampling location. If asphalt or other barriers prevent the
collection of a surficial sample, the location will be moved to the closest accessible location. From
the two square meters, a minimum of five soil samples will be collected from each of the corners

and the center of each square meter. Additional subsamples may be collected in order to obtain a
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sufficient sample volume for analysis. Samples will be collected to a 1 inch depth with either a
plug type sampler, or a stainless steel scoop. The subsamples will be composited in a large stainless
steel bowl or pan and stirred with a stainless steel scoop or spoon. Sample handling will be
conducted in accordance with SOP FO.13, Containerizing, Preserving, Handling, and Shipping Soil
and Water Samples. Sampling equipment will be decontaminated between individual sampling
points in accordance with SOP FO.3, General Equipment Decontamination. Documentation of the
surficial soil sampling activity at the Solar Ponds will be in accordance with SOP GT.8.

7.3.3 Site-Wide Vadose Zone Monitoring

Vadose zone monitoring may be achieved through the use of nested lysimeters, tensiometers or in
situ soil vapor instruments such as the BAT® system. Initial research on the subject indicates that
delineation of migration patterns in soil may be possible through vadose zone monitoring. Such
monitoring represents an innovative and cost effective means of delineating potential contaminant
migration pathways. Although specific monitoring locations and methods have not been identified,
it is likely that all areas of concern within the Solar Ponds area will be monitored. Significant
additional research on the applicable techniques will be required as part of the Phase I RFI/RI
Project Planning task to better define the specifics of the monitoring program. A general overview
of vadose zone monitoring techniques may be found in the Practical Handbook of Ground Water
Monitoring (Nielsen, 1991). If deemed appropriate, vadose zone monitoring will be incorporated
in the Solar Ponds area and SOPs will be developed prior to implementation. The SOPs will include

upgradient monitoring to allow comparison of the data.

7.3.4 Original Pond Area
Proposed field activities and a geophysical investigation at the Original Pond area are shown on

Figure 7-3. In order to define the boundaries of the Original Pond, activities proposed in this
section will be preceded by an aerial photograph review, engineering drawings review, and
evaluation of other historical documentation. A surface radiological survey and surficial soil
sampling program will be conducted as described in Section 7.3.2. Subsequent field activities
include a geophysical survey and drilling of four boreholes through the unconsolidated materials
with collection of subsurface samples for chemical analysis. Each of these activities is described
below.

7.3.4.1 Geophysical Investigation
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A surface geophysical investigation employing ground penetrating radar (GPR) will be performed
in the area on and around the Original Pond. The survey will be conducted in accordance with
guidelines provided in SOP GT.18. The primary objectives of this survey are to locate the
boundaries of the Original Pond, and to locate any piping or other fittings not removed at the time
the pond itself was removed. An inventory of RFP piping and its configuration is currently being
compiled in the Original Process Waste Lines (OPWL) investigation. Preliminary information
reviewed from the OPWL investigation shows underground piping and possibly tanks in the
immediate vicinity of the Original Pond. It must be noted that the abundance of cultural features

throughout OU4 may limit the results of the proposed geophysical investigation.

Theory of Operation

Ground Penetrating Radar (GPR) utilizes an electromagnetic pulse source, source and receiver
antennas, and a graphic recorder to map reflections from subsurface interfaces caused by buried
objects and distinct stratigraphic horizons. For a reflection to occur, an impedance contrast, which
is related to the dielectric constant and conductivity of the respective materials, must be present

across any such interface(s).

The GPR instrument consists of a microprocessor-based control unit, a graphic recorder, and a

combined source/receiver antenna. These components are interconnected through a series of cables
which:

» Carry power to the antenna
 Relay reflected electromagnetic pulses from the antenna to the control unit
» Transfer processed electromagnetic pulses from the control unit to the graphic recorder.

A number of antennas are available at frequencies which range from 80 Megahertz (Mhz) to 900
Mhz. Typically, a lower frequency antenna, such as 80 Mhz, will permit greater signal penetration
but with less resolution, whereas a higher frequency antenna, such as a 900 Mhz, offers greater
resolution but with less signal penetration. The depth of underground piping or any remaining clay

liner material from the Original Pond will guide selection of antenna frequency.
GPR data is collected by slowly pulling the antenna across the ground surface. A paper record

output by the graphic recorder during each of the "traverses" is annotated in the field with the

traverse location, horizontal scale, full-scale time display, and the antenna used.
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Field Methodology

The GPR survey design, field procedures and documentation of activities will follow those outlined
in SOP GT.18. Prior to beginning GPR data collection, a grid will be surveyed on and around the
reported location of the Original Pond. Use of the grid will permit the systematic collection of data
from the area. After a survey is completed in the reported pond location, the grid will be expanded
to the areas surrounding the existing Solar Ponds for subsequent data collection. Key points on the
grid will be surveyed in and referenced to the site coordinate system. The approximate area
included in the grid system is shaded in Figure 7-3.

Data will be collected by locating the GPR traverses on appropriate grid lines and the antenna pulled
slowly along the surface. At least two antennas will be tested, with the one offering the best
combination of target resolution and signal penetration being utilized for the survey. All GPR
records will be annotated with the traverse location, horizontal scale, full-scale time display, antenna
used, and the location of any anomalies observed. Also, the surface on which each traverse is
located will be inspected for the presence of features which could cause an anomaly. Initial GPR
records will be inspected closely to determine if the task objectives being accomplished. A
recommendation will be made to EG&G personnel as to whether or not to proceed with GPR data

collection.

Following GPR data collection, all anomalies observed will be indicated in two ways:

s Stakes will be placed in the ground along the periphery of the Original Pond as interpreted
from the GPR records. Stakes will be placed in the ground above any lines, tanks or other
objects, the location of which are interpreted from the GPR records.

» The locations of all objects indicated by stakes in the ground will be surveyed and accurate-
ly marked on a map of suitable scale.

The resultant map will be checked against known locations and uses of underground piping
inventoried in the OPWL investigation. The relative importance of the presence of these subsurface
features will be assessed. Any relative differences observed in areas within and outside of the

Original Pond area will be used to guide unconsolidated material borehole placement and sampling.

After completion of the survey, all records collected will be compiled and filed for future reference.
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7.3.4.2 Unconsolidated Materials Investigation

The unconsolidated material conditions in the vicinity of the Original Pond will be investigated by
drilling boreholes, collecting soil samples and performing chemical analysis. The purpose of the
borings is provide information on soil chemistry in near-surface and subsurface soils, identify old
clay liner material (if present), provide information on depth to ground water, and provide informa-
tion on weathered bedrock underlying the Original Pond, if encountered. Boreholes will be drilled
at four locations in the Original Pond area. Preliminary borehole locations are shown in Figure 7-3,
although the locations may be adjusted using results from the surface geophysical survey, radiologi-
cal survey, and borehole clearing in accordance with SOP GT.10. Three borings will be placed
within the reported Original Pond area, and one will be placed outside the pond location to provide
a reference for evaluating whether effects from the Original Pond can be delineated.

To compliment the surficial soil sampling program described in Section 7.3.2, a surficial soil sample
will be collected at each borehole location from the O to 1 inch interval. Concrete or asphalt
encountered at borehole locations will be removed. Procedures for sample collection of the 0 to 1
inch interval are as described in Section 7.3.2.

Drilling will be performed using hollow-stem augers and unconsolidated materials will be continu-
ously sampled. The unconsolidated material borehole locations will be cleared according to SOP
GT.10, and installed using a truck-mounted and/or skid or trailer-mounted hollow-stem auger
drilling rig, as may be required for access. A 2-foot-long continuous sampler will be used, and soil
and bedrock cores will be geologically classified using both engineering Unified Soil Classification
System (USCS) classifications and Soil Conservation Service (SCS) soil series identifiers. Drilling
and sampling will follow procedures established in SOP GT.2. Airborne contaminant dispersion will
be minimized in accordance with SOP F0.1. Logging the alluvial and bedrock material will be in
accordance with guidelines specified in SOP GT.1 with the addition of SCS soil series horizon
identification.

Boreholes will be advanced until either saturated soils are encountered or auger refusal. Total
bedrock penetration in these borings will not exceed approximately five feet. This will be the
general criteria for limiting the depth of boreholes except where delineation of the Arapahoe
sandstones is an objective (see Section 7.3.5.3). An average total boring depth of 15 to 20 feet is
envisioned. Soil cores will be collected at 2-foot increments to enhance sample recovery as
described in SOP GT.2.

RFPawb.r 7-13 11120191



Each two-foot core will be screened while samples are being logged using hand-held field instru-
ments for alpha and beta/gamma radiation, as well as VOCs according to SOP GT.1. A laboratory-
quality alpha detector and sodium-iodide, beta/gamma detector that reads in counts per minute will
be used. At a minimum, a photo-ionization detector will be used to detect VOCs emitting from
samples. Results of the radioactive content and VOC screening may be used to alter standard
interval selection for chemical analysis.

Samples will be composited from three 2-ft cores as described in SOP GT.2 and submitted for the
parameters listed in Section 7.4.2. Samples will be selected at a minimum of 5-foot intervals from
near the ground surface to the water table. Additional samples will be selected at changes in
lithology and from zones that have indications of contamination as determined from visual inspec-

tion of the samples or field instrument screening for organics and radionuclides.

Geophysical borehole logging using gamma logs and other radiation detecting tools will be
conducted at unconsolidated material boreholes, and in boreholes advanced for geologic investiga-
tion. Downhole logging may allow a more accurate representation of radionuclide distribution than

soil core screening. Downhole logging will be conducted in accordance with SOP GT.15.

Collected samples will be placed in appropriate containers for analytical testing according to SOP
FO.13, Containerizing, Preserving, Handling, and Shipping of Soil and Water Samples. Radiation
field screening and sample preparation for radiological analysis will be conducted in accordance
with SOP F0.18. Vadose zone monitoring instruments may be emplaced into the subsurface prior
to abandoning the boreholes.

Once all information is obtained from a subsurface boring, the borehole will be abandoned in
accordance with SOP GT.5. Before proceeding to the next boring location, equipment will be
decontaminated to avoid cross contamination in accordance with SOP FO.3, General Equipment
Decontamination, SOP F0.4 Heavy Equipment Decontamination, and SOP F0.12 Decon Facility
Operations. Environmental waste produced during drilling will be drummed and handled according
to SOP FO0.10.

7.3.5 Existing Solar Ponds Area

Proposed field activities and geophysical investigation at the existing Solar Ponds area are shown

on Figure 7-4. Activities proposed in this section are preceded by a review of facility engineering
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drawings, aerial photographs, the surface radiological survey and surficial soil sampling program
described in Section 7.3.2. Field activities include a visual survey to determine locations of cracks
in the pond liners, a geophysical survey to identify subsurface piping in the pond vicinity, and
drilling of boreholes through the pond liner and on pond perimeters to investigate the unconsolidated
materials below. Soil samples will be collected for chemical analyses in all unconsolidated material
boreholes. Each of these activities is described below.

7.3.5.1 Visual Inspection
Prior to conducting the geophysical investigation, or intrusive borehole construction, a visual

inspection will be conducted in the existing ponds area. The proposed perimeter borehole locations
will be checked against the presence of obstructions, accessibility of the drilling rig, or other
constraints not previously addressed. Once the liquids and sludge are removed from the Solar
Ponds, the liners of all five ponds will be observed and cracks or other evidence of deterioration
marked on a location map. Photographs of each pond will be taken to document deteriorated liner
areas and general pond condition during the visual survey. The most damaged liner locations will
be considered for sampling. Placement of unconsolidated material borings will be influenced by the

results of the pond liner survey.

7.3.5.2 Geophysical Investigation

A ground penetrating radar (GPR) survey will also be performed in the areas surrounding the
existing Solar Ponds. The objective of this survey is to locate piping and any other buried objects
in the area. This survey will consist of an expansion of the survey performed in the Original Pond
area and will employ similar instruments and techniques. The general vicinity of the Solar Ponds

geophysical survey is shaded on Figure 7-4.

Field Methodology
The GPR survey design, field procedures, and documentation of activities will follow those outlined

in SOP GT.18. The survey of the existing Solar Ponds area will follow the completion of the
survey in the Original Pond area. The survey grid and parameters will be adjusted according to the
results of the Original Pond survey. GPR data collection will be performed in the same manner as

the survey in the Original Pond area.
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7.3.5.3 Unconsolidated Material Investigation

The vadose zone investigation in the existing pond area will consist of borehole installation on the
pond perimeters and within the ponds themselves. Twenty six borings are proposed in and around
the existing Solar Ponds as shown on Figure 7-4. Five borings are proposed within Pond 207-A,
and three are proposed in each of the remaining ponds. Ten perimeter borings will be placed on
the pond exteriors. Boreholes constructed inside the ponds will be placed both at locations where
cracks are observed, and where the liner integrity appears to be intact. Comparison of results from
boreholes placed in such a manner may provide information to estimate patterns of pond leakage,
including major contaminant migration pathways. Analytical results from the perimeter borings will
be used to characterize lateral migration of pond contaminants in vadose zone soil. These perimeter

borings will be placed in or as near pond embankments as is accessible.

The asphalt liners in the area of the borehole will be excavated with either an air driven or electric-
powered jackhammer in an area of adequate size for sampling. The use of a jackhammer will not
require introduction of water as is required with typical asphalt or concrete coring equipment. Base
course material will be removed using a small shovel or other tool to reveal undisturbed alluvial
material below. Health and Safety radiological and VOC measurements will be taken on removed
liner and base course material using field screening instruments. Samples of the 0 to 1 inch depth
interval will be collected from undisturbed material below the liners using the procedures described

in the Surficial Soil Sampling Program, except that only one 1-meter square will be sampled.

A drilling investigation of unconsolidated materials will be performed as described in Section 7.3.2.
A skid- or track-mounted drilling rig may be required due to limited pond access. Drilling depths
are expected to vary from 15 to 20 feet for the boreholes inside and on the perimeters of the Solar
Ponds. Proposed sample collection procedures and requested analytes are the same as those
described for unconsolidated material borings in the Original Pond area. The proposed drilling
procedure, sampling procedure and analytical suite are subject to revision or refinement based on

results of unconsolidated material sampling conducted in other areas of the Solar Ponds.

A subset of the proposed borings in the Solar Pond area are to be advanced deeper than is described
in standard drilling and sample collection procedures. The intent of drilling deeper boreholes is to
collect geologic information on bedrock structures and stratigraphy underlying the ponds. Specific
objectives are to delineate the location of the Arapahoe No. 1 sandstone in the pond vicinity and

to determine the presence or absence of fractures in the bedrock. The total depths of these bedrock

RFPawb.r 7-16 1112091



borings will range from about 40 to 60 feet. Procedures for advancing these borings past the depth
required for environmental sampling will follow guidelines in SOP GT.4, Rotary Drilling and Rock
Coring.

7.3.6 Interceptor Trench System and Remainder of Site
Proposed field activities at the ITS and remainder of the site are shown on Figure 7-5. Activities

proposed here are preceded by a review of system as-built drawings in Appendix A, and a surface
radiological survey and surficial soil sampling program described in Section 7.3.2. Field activities
include the installation of piezometers in several locations up and downgradient of the ITS to
determine hydrological characteristics of the system, and drilling of boreholes in outlying areas of
the ponds and in the ITS area to investigate the unconsolidated materials. Soil samples will be

collected for chemical analyses in all unconsolidated materials boreholes.

A geophysical investigation employing seismic refraction and high resolution seismic reflection was
considered for investigating the ITS and other selected portions of the site. However, a technical
evaluation of these geophysical techniques found that the use of geophysics would be ineffective.
The use of other investigatory methods, such as cone penetrometers, to determine the effectiveness

of the ITS will be further considered and evaluated based on the results of this Phase I investigation.

7.3.6.1 Unconsolidated Materials Investigation
The unconsolidated materials investigation in the vicinity of the ITS and in outlying areas of the

site will be accomplished with borehole construction and soil sampling. Borehole drilling and
sampling procedures will be performed as discussed in previous sections. Figure 7-5 shows the
proposed location for the 17 boreholes in the ITS area and remainder of site. The objective of
drilling the borings is to provide soil contaminant information at relatively far distances from the
ponds, and to compare soil contaminants in borings located up and downgradient of the ITS. Nine

of the seventeen borings are located in the ITS area.

Selected boreholes in this area will also be advanced into the bedrock as described in Section
7.3.5.3. Boreholes will be advanced to a total depth range of about 40 to 60 feet in order to
delineate the extent of sandstone lenses subcropping in the bedrock, and to investigate the presence
or absence of bedrock fractures. Prior to drilling borings that advance into weathered bedrock, a

surface casing will be installed according to SOP GT.3, Isolating Bedrock from the Alluvium with
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Grouted Surface Casing. Each 2-foot core will be screened for alpha and beta/gamma radioactivity,

as well as volatile organic compounds with field instruments while samples are being logged.

Contaminants likely to be detected in soil samples from these borings include those that are
relatively soluble and were transported through ground water flow. For this reason, collecting soil
samples immediately above the water table is a primary objective of these borings. Samples will
be collected as described in Section 7.3.4.2.

7.3.6.2 Piezometer Installation

Piezometers will be installed immediately upgradient and downgradient of the primary interceptor
trench to provide information on the water table configuration at the trench. Precise piezometer
spacing will be determined using analytical modeling of aquifer drawdown to estimate the intercep-
tor trench area of hydraulic influence. Measurement of water table configuration near the intercep-
tor, and response to precipitation events, will allow evaluation of system effectiveness. The use of
ground water tracers to monitor flow immediately toward and downgradient of the interceptor will

also be considered following analysis of hydraulic data.

Piezometer installation procedures will be in accordance with SOP GT.6. Installation of the
piezometers at three locations parallel to the assumed ground water flow direction is proposed, and
at two locations perpendicular to flow direction. Piezometers installed perpendicular to flow will
provide information on the finger trenches upgradient of the interceptor trench pump house. Water
level measurements will be made in accordance with GW.1.

7.4 SAMPLE ANALYSIS
This section describes the sample handling procedures and analytical program for samples collected
during the Phase I investigation. This section also includes discussions of sample designation,

analytical requirements, sample containers and preservation, and sample handling and documenta-
tion. '

7.4.1 Sample Designation

All sample designations generated for the RFI/RI will conform to the input requirements of RFEDs,
as described in SOP FO.14A. Each sample designation will contain a nine-character sample number
consisting of a two-letter prefix identifying the media samples (SB for soil boring, SS for surficial

soils), a unique five-digit number, and a two letter suffix identifying the contractor. One sample
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number will be required for each sample generated including QC samples. In this manner, 99,999
unique sample numbers are available for each sample media for each contractor that contributes

‘ sample data to the data base. Boring numbers will be developed independently of the sample
number for a given boring. These sample numbering procedures are consistent with the RFP site-
wide QAPjP.

7.4.2 Analytical Requirements

The analytical suites for surficial soil samples and unconsolidated material samples were developed
according to the types of contaminants detected historically in the Solar Pond and adjacent areas,
as well as their geochemical behavior. Specific analytes in the above groups and their CLP
detection/quantitation limits are listed in Table 7.1. These analytes and limits should address the

chemicals that have been previously detected in pond liquids and sludge, the sources for OU4.

Unconsolidated material samples from the Phase I RFI/RI collected in the Original and existing
Solar Pond investigation will be analyzed for all of the following chemical and radionuclide

parameters or parameter groups.

Nitrate

Target Analyte List (TAL) Metals
Uranium 233/234, 235, 236 and 238
Plutonium and Americium

Cesium 137 and Strontium 90
Gross Alpha and Gross Beta
Tritium

TCL volatile organics (subsurface samples only)
TCL semivolatile organics
Inorganics

Pesticides.

Surficial soil samples will be analyzed for only a subset of these parameter groups including:

Nitrate

TAL Metals

Uranium 233/234, 235, 236 and 238
Plutonium and americium
Cesium-137 and Strontium-90
Gross alpha and gross beta

Tritium.
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A restricted suite of analyses will be conducted on unconsolidated material samples collected from
within the interceptor trench system and the remainder of the site. The restricted analytical suite
has been designed to characterize soil contaminants previously identified in these areas. Contami-
nants not previously observed above background concentrations in subsurface soils from these areas
have been eliminated. In the event that sampling of the Original and existing Solar Pond Areas
indicates that eliminated parameters may be of concern in unconsolidated soils of the Interceptor
Trench System and the remainder of the site, the migration of these contaminants will be investigat-
ed further during Phase II of the RI/RFI.

The restricted suite of analyses proposed for unconsolidated material in the interceptor trench system

and the remainder of the site include the following parameter groups:

* Nitrate

Uranium 233/234, 235, 236 and 238
Gross Alpha and Gross Beta
Tritium

TCL Volatile Organics

Inorganics.

Ground water samples from the upgradient monitor wells will be analyzed for the full suite of

compounds listed in Table 7.1, Also provided are the compounds CLP detection/quantification
limits for water samples.

7.4.3 Sample Containers and Preservation
Sample volume requirements, preservation techniques, holding times, and container material

requirements are dictated by the media being sampled and by the analyses to be performed. The
soil matrices to be analyzed will include surficial soils and unconsolidated materials samples, and
the water matrices for analysis will include ground water. Analytical parameters of interest in OU4
for water and soil matrices, along with the associated container size, preservatives (chemical and/or
temperature), and holding times are listed in Table 7.2 and 7.3. Additional specific guidance on the
appropriate use of containers and preservatives is provided in SOP FO.13, Containerizing, Preserv-
ing, Handling, and Shipping of Soil and Waste Samples. Information on preparing samples
specifically for radiological analysis is provided in SOP F0.18.

7.4.4 Sample Handling and Documentation
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Sample control and documentation is necessary to ensure the defensibility of data and to verify the
quality and quantity of work performed in the field. Accountable documents include logbooks, data
collection forms, sample labels or tags, chain-of-custody forms, photographs, and analytical records
and reports. Specific guidance defining the necessary sample control, identification, and chain-of-

custody documentation is discussed in FO.13.

7.5 DATA MANAGEMENT AND REPORTING REQUIREMENTS
The field data collected during the various investigations discussed in Section 7.3 will be document-

ed as outlined in the specific SOPs cited. Field data will be managed according to SOP FO0.2.

Field data will be input to RFEDs using a remote data entry module supplied by EG&G. Data will
be entered on a 3.5-inch computer diskette and will be delivered to EG&G on a timely basis. A
hard copy report will be generated from the module for contractor use. Procedures for data quality
control, verification, entry into RFEDS, archiving and security will follow SOP FO.14.

A sample tracking spreadsheet will be maintained by the contractor for use in tracking sample
collection and shipment. EG&G will supply the spreadsheet format and will stipulate timely
reporting of information. These data will also be delivered to EG&G on 3.5-inch computer
diskettes. Computer hardware and software requirements for contractors using government-supplied
equipment will be supplied by EG&G. Computer and data security measures will also follow
acceptable procedures outlined by EG&G.

7.6 FIELD QC PROCEDURES
Sample quality will be controlled by following the prescribed SOPs or accepted methods for sample

collection, sample shipment, equipment use, equipment decontamination, and equipment calibration
as discussed previously in the FSP. These procedures provide the best methods for collection of
representative samples. In addition, three types of field quality control (QC) samples will be
collected: sample duplicates, field preservation blanks, and equipment rinsate blanks. An additional

QC sample, a trip blank, will be prepared when needed by the laboratory performing the analyses.

The analytical results obtained for these samples will be used by the ER project manager to assess
the quality of the field sampling effort. The types of field QC samples to be collected and their
application are discussed below. The frequency with which QC samples will be collected and

analyzed is provided in Table 7.4.
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Duplicate samples will be collected by the sampling team for use as a relative measure of the
precision of the sample collection process. These samples will be collected at the same time, using
the same procedures and equipment, and in the same types of containers as required for the samples.
They will also be preserved in the same manner and submitted for the same analyses as required for

the samples. Duplicate samples will only be collected during ground water sampling.

Field preservation blanks of distilled water, preserved according to the preservation requirements
(Section 7.4.3), will be prepared by the sampling team and will be used to provide an indication of
any contamination introduced during field sample preparation. As indicated in Table 7.4, these QC

samples are applicable only to samples requiring chemical preservation.

Equipment rinsate blanks will be collected from final decontamination rinsate to evaluate the success
of the field sampling team’s decontamination efforts on non-dedicated sampling equipment.
Equipment blanks are obtained by rinsing cleaned equipment with distilled water prior to sample
collection. The rinsate is collected and placed in the appropriate sample containers. Equipment

rinsate blanks are applicable to all analyses for water and soil samples, as indicated in Table 7.4.

Trip blanks consisting of distilled water will be prepared by the laboratory technician and will
accompany each shipment of samples for volatile organic analysis. Trip blanks will be stored with
the group of samples with which they are associated. Analysis of the trip blank will indicate
migration of volatile organics or any problems associated with sample shipment, handling, or
storage. Information from the trip blanks will be used in conjunction with air monitoring data and
other information to assess the influence of ongoing waste operations on the quality of data
collected.

Procedures for monitoring field QC are provided in the sitewide QAPP. The collection of QC
samples will be documented on the proper soil or water sample collection logs per SOPs GT.2,
GT.8, and GW.6.

7.7 AIR MONITORING SURVEILLANCE ACTIVITIES

Air monitoring will be performed during field activities to ensure that quality data are obtained

during sampling and that all sampling activities comply with the Interim Plan for Prevention of
Contaminant Dispersion (IPPCD) (EG&G, 19911). Air quality monitoring will be performed in
accordance with SOPs presently being developed by EG&G.
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Air quality monitoring requirements for activities such as borehole drilling where there is a
significant potential for producing appreciable quantities of suspended particulates include the

following:

o Site perimeter and community Radiological Ambient Air Monitoring Program (RAAMP)
data for radiological parameters will be available.

e Local monitoring of Respirable Suspended Particulates (RSP) at individual activity work
sites shall be conducted using a TSI "Piezobalance” Model 3500 Respirable Aerosol Mass
Monitor, a real-time instrument. Local RSP measurements will be used to guide the project
Manager’s evaluation of the potential hazards associated with activity-related emissions.
The threshold RSP concentration for curtailing intrusive activities will be 6.0 milli-
grams/cubic meter (mg/m?).

» Additional worker health and safety monitoring as required by the Site-Specific Health and
Safety Plan (SSH&SP).
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Table 7.1: Phase I Soil, Sediment, and Water

Page 1 of 7

Sampling Parameters and Detection Limits/Quantitation Limits

Target Analyte List - Metals

Aluminum
Antimony
Arsenic
Barium
Beryllium
Cadmium
Calcium
Cesium
Chromium
Cobalt
Copper
Cyanide
Iron

Lead
Lithium
Magnesium
Manganese

Mercury

Molybdenum

Nickel
Potassium
Selenium
Silver
Sodium

Strontium

Detection Limits*

Water (pg/l) Soil/Sediment
(mg/kg)
200 40
60 12
10 2
200 40
5 1.0
5 1.0
5000 2000
1000 200
10 20
50 10
25 5.0
10 10
100 20
5 1.0
100 20
5000 2000
15 3.0
0.2 0.2
200 40
40 8.0
5000 2000
5 1.0
10 2.0
5000 2000
200 40



Table 7.1: Phase I Soil, Sediment, and Water Page 2 of 7

. Sampling Parameters and Detection Limits/Quantitation Limits
Thallium 10 2.0
Tin 200 40
Vanadium 50 10.0
Zinc 20 4.0

Quantitaion Limits*

Target Compounds List - Volatiles Water (ug/l) Soil/Sediment
(ng/kg)
Chloromethane 10 10
Bromomethane 10 10
Vinyl Chloride 10** 10
Chloroethane 10 10
Methylene Chloride 5 : 5
. : Acetone 10 10
Carbon Disulfide 5 5
1,1-Dichloroethene 5 5
1,1-Dichloroethane 5 5
trans 1,2-Dichloroethene 5 5
Chloroform 5 5
1,2-Dichloroethane 5 5
2-Butanone 10 10
1,1,1-Trichloroethane 5 5
Carbon Tetrachloride 5 5
Vinyl Acetate 10 10
Bromodichloromethane 5 5
1,1,2,2,-Tetrachloroethane 5 5
1,2-Dichloropropane 5 5



Page 3 of 7

trans-1,3-Dichloropropene 5 5
Trichloroethene 5 5
Dibromochloromethane 5 5
1,1,2-Trichloroethane 5 5
Benzene 5 5
cis-1,3-Dichloropropene 5 5
Bromoform 5 5
2-Hexanone 10 10
4-Methyl-2-pentanone 10 10
Tetrachloroethene 5 5
Toluene 5 5
Chlorobenzene 5 5
Ethyl Benzene 5 5
Styrene 5 5
Total Xylenes 5 5
Quantitation Limits*
Semivolatiles Water pg/t Soil/Sediment pg/Kg
Phenol 10** 330
bis(2-Chloroethyl)ether 10** 330
2-Chlorophenol 10** 330
1,3-Dichlorobenzene 10 330
1,4-Dichlorobenzene 10 330
Benzyl alcohol 10 330
1,2-Dichlorobenzene 10 330
2-Methylphenol 10 330
bis(2-Chloroisopropyl)ether 10 330
4-Methylphenol 10 330

N-Nitroso-di-n-propylamine 10 330



Hexachloroethane
Nitrobenzene
Isophorone
2-Nitrophenol
2,4-Dimethylphenol
Benzoic acid
bis(2-Chloroethoxy)methane
2,4-Dichlorophenol
1,2,4-Trichlorobenzene
Naphthalene
4-Chloroaniline
Hexachlorobutadiene

4-Chloro-3-methylphenol (para-chloro-
meta-cresol)

2-Methylnaphthalene
Hexachlorocyclopentadiene
2,4,6-Trichlorophenol
2,4,5-Trichlorophenol
2-Chloronapthalene
2-Nitroaniline
Dimethylphthalate
Acenaphthylene
2,6-Dinitrotoluene
3-Nitroaniline
Acenaphthene
2,4-Dinitrophenol
4-Nitrophenol
Dibenzofuran

2,4-Dinitrotoluene

10
10%%*
10
10
10
50
10
10
10
10
10
10
10

10
10
10
50
10
50
10
10
10
50
10
50
50
10
10
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330
330
330
330
330
1600
330
330
330
330
330
330
330

330
330
330
1600
330
1600
330
330
330
1600
330
1600
1600
330
330



Diethylphthalate
4-Chlorophenyl-phenyl ether
Fluorene

4-Nitroaniline
4,6-Dinitro-2-methylphenol
N-nitrosodiphenylamine
4,-Bromophenyl-phenylether
Hexachlorobenzene
Pentachlorophenol
Phenanthrene

Anthracene
Di-n-butylphthalate
Fluoranthene

Pyrene
Butylbenzylphthalate
3,3’-Dichlorobenzidine
Benzo(a)anthacene
Chrysene
bis(2-Ethylhexyl)phthalate
Di-n-octylphthalate
Benzo(b)fluoranthene
Benzo(k)fluoranthene
Benzo(a)pyrene
Indeno(1,2,3-cd)pyrene
Dibenz(a,h)anthracene

Benzo(g,h,i)perylene

10
10
10
50
50
10
10

10**
50
10
10
10
10
10
10

20**
10
10
10
10
10
10
10
10
10
10
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330
330
330
1600
1600
330
330
330
1600
330
330
330
330
330
330
660
330
330
330
330
330
330
330
330
330
330

Quantitation Limits*



Target Compound List - Pesticides/PCBs

alpha-BCH
beta-BCH
delta-BCH

gamma-BCH (Lindane)

Heptachlor

Aldrin

Heptachlor epoxide
Endosulfan I
Dieldrin
4,4’-DDD

Endrin
Endosulfan I
4,4’-DDE
Endosulfan sulfate
4,4’-DDT
Methoxychlor
Endrin ketone
alpha-Chlordane
gamma-Chlordane
Toxaphene
Arochlor-1016
Arochlor-1221
Arochlor-1232
Arochlor-1242
Arochlor-1248
Arochlor-1254
Arochlor-1260
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Water (ng/l) Soil/Sediment
(ng/kg)
0.05 8.0
0.05 8.0
0.05 8.0
0.05 8.0
0.05** 8.0
0.05** 8.0
0.05%* 8.0
0.05 8.0
0.10 16.0
0.10 16.0
0.10 16.0
0.10 16.0
0.10 16.0
0.10 16.0
0.10 16.0
0.5 80.0
0.10 16.0
0.5** 80.0
0.5%* 80.0
1.0 160.0
0.5%* 80.0
0.5** 80.0
0.5%* 80.0
0.5%* 80.0
0.5** 80.0
1.0** 160.0
1.0** 160.0



Radionuclides
Gross Alpha
Gross Beta

Uranium 233+234, 235, and 238
(each species)

Americium 241
Plutonium 239+240
Tritium

Cesium 137
Strontium 89+90

Parameters Exclusively for Groundwater

Page 7 of 7

Required Detection Limits*

Water (pCi/0) Soil/Sediment (pCi/g)

Samples
Anions

Carbonate
Bicarbonate
Chloride
Sulfate
Nitrate as N

Field Parameters
pH
Specific Conductance
Temperature
Dissolved Oxygen

Barometric Pressure

2 4 dry
4 10 dry
0.6 0.3 dry
0.01 0.02 dry
0.01 0.03 dry
400 400 (pCi/ml)
1 0.1 dry
1 1 dry

Detection Limits*

Water (mg/0)

10
10

0.1 pH unit
1

0.5
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Indicators
Total Dissolved Solids 5

*Detection and quantitaion limits are highly matrix dependent. The limits listed here are the
minimum achievable under ideal conditions. Actual limits may be higher.

**The laboratory Practical Quantification Limits (PQLs) for these analytes exceed ARARs.



Table 7.2: Sample Containers, Sample Preservation,
and Sample Holding Times for Water Samples

Parameter Container Preservative Holding Time
Liquid - Low to Medium Concentration Samples
Organic Compounds:
Purgeable Organics (VOCs) 2 x 40-m& VOA vials with Cool, 4°C* 7 days
teflon-lined septum lids with HCL to pH<2 14 days
Extractable Organics (BNAS), 1 x 4-¢ amber® glass bottle Cool, 4°C 7 days until
Pesticides and PCBs extraction,
40 days after
extraction
Inorganic Compounds:
Metals (TAL) 1 x 1-2 polyethylene bottle Nitric acid pH<2; 180 days®
Cool, 4°C
Cyanide 1 x 1-2 polyethylene bottle Sodium hydroxide? 14 days
pH>12;
Cool, 4°C
Anions 1 x 1-¢ polyethylene bottle Cool, 4°C 14 days
Sulfide 1 x 1-¢ polyethylene bottle 1 mg-zinc acetate 7 days
sodium hydroxide
to pH>9;
Cool, 4°C
Nitrate 1 x 1-¢ polyethyiene bottle Cool, 4°C 48 hours
Total Dissolved Solids (TDS) 1 x 1-¢ polyethylene bottle Cool, 4°C 48 hours
Radionuclides 1 x 1-{ polyethylene bottle Nitric acid pH<2; 180 days

*Add 0.008% sodium thiosulfate (Na2S203) in the presence of residual chlorine.

®Container requirement is for any or all of the parameters given.

“Holding time for mercury is 28 days.

4Use ascorbic acid only if the sample contains residual chlorine. Test a drip of sample with potassium iodine-starch test paper; a blue
color indicates need for treatment. Add ascorbic acid, a few crystals at a time, until a drop of sample produces no color on the
indicator paper. Then add an additional 0.6g of ascorbic acid for each liter of sample volume.
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Table 7.3: Sample Containers, Sample Preservation,

and Sample Holding Times for Soil Samples

Parameter Container Preservative Holding Time
Soil or Sediment Samples - Low to Medium Concentration
Organic Compounds:
Purgeable Organics (VOCs) 1 x 4-0z wide-mouth teflon-lined Cool, 4°C 7 days
glass vials 14 days

Extractable Organics (BNAs), 1 x 8-0z wide-mouth teflon-lined Cool, 4°C 7 days until
Pesticides and PCBs glass vials extraction,

40 dayg after

extraction
Inorganic Compounds:
Metals (TAL) 1 x 8-0z wide-mouth glass jar  Cool, 4°C 180 days'
Cyanide 1 x 8-0z wide-mouth glass jar Cool, 4°C 14 days

‘ Sulfide 1 x 8-0z wide-mouth glass jar Cool, 4°C 28 days
Nitrate 1 x 8-0z wide-mouth glass jar Cool, 4°C 48 hours
Radionuclides 1 x 1-¢ wide-mouth glass jar None 45 days
"Holding time for mercury is 28 days.
11/20/91
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Table 7.4: Field QC Sample Frequency

Media
Sample Type Type of Analysis Solids Liquids
Duplicates Organics 1/10 1/10
Inorganics 1/10 1/10
Radionuclides 1/10 1/10
Field Preservation Blanks Organics NA NA
Inorganics NA 1/20
Radionuclides NA 1/20
Equipment Blanks Organics 1/20 1/20
Inorganics 1/20 1/20
Radionuclides 1/20 1/20
Trip Blanks Organics NR 1/20
Inorganics NR NR
Radionuclides NR NR

NA = Not Applicable
NR = Not Required

1/10 = one QC sample per ten samples collected
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8.0 HUMAN HEALTH RISK ASSESSMENT PLAN

8.1 OVERVIEW
Section 300.430(d) of the National Contingency Plan states that as part of the remedial investigation,
a Baseline Risk Assessment is to be conducted to determine whether contaminants of concern
identified at the site pose a current or potential future risk to human health (Human Health Risk
Assessment) and the environment (Environmental Evaluation) in the absence of remedial action.
This section describes the Human Health Risk Assessment components which include:

» Data Collection/Evaluation

* Exposure assessment

* Toxicity assessment
¢ Risk characterization.

The Environmental Evaluation is described in Section 9.0 of this Work Plan.

Figure §-1 illustrates the basic Human Health Risk Assessment process and components. The
Human Health Risk Assessment objective is to identify and assess potential human health risks
resulting from exposure to site contaminants present in various environmental media. Several
objectives will be accomplished under the Human Health Risk Assessment task, including identifica-

tion and characterization of the following:

» Toxicity and levels of hazardous substances present in relevant media (e.g., air, ground-
water, soil, surface water, sediment, and biota)

» Environmental fate and transport mechanisms within specific environmental media, and
inter-media fate and transport where appropriate

» Potential human and environmental receptors
s Potential exposure routes and extent of actual or expected exposure

» Extent of expected impact or threat, and the likelihood of such impact or threat occurring
(e.g., risk characterization)

» Level(s) of uncertainty associated with the above.

Human Health Risk Assessment results will be used to determine if remedial actions are warranted

at OU4 and, if so, the associated cleanup levels necessary to protect human health.
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A number of EPA guidance documents will be used to provide direction for developing the Human
Health Risk Assessment. The documents listed in Table 8.1 constitute the most recent EPA
guidance in public health risk assessment. It must be emphasized that EPA manuals are guidelines
only, and that EPA states that considerable professional judgement must be used in their application.
The focus of the risk assessment for OU4 will be to produce a realistic analysis of exposure and
health risk.

To accomplish the characterization of the magnitude of the exposure/dose assessment for radionu-
clides, a number of documents will be referenced, including but not limited to DOE Order 5400.5,
Federal Guidance Report No. 10 (U.S. EPA, 1984), and Federal Guidance Report No. 11 (U.S. EPA,
1988e). The dose calculations shall provide an estimate of the committed effective dose equivalent
to an individual in the population which can then be compared to lifetime risk from radiation
exposure. Estimates of lifetime risk of cancer to exposed individuals resulting from radiological
and chemical risk assessments will be tabulated separately in the final human health risk assessment.
In addition to available national EPA guidance, supplemental Region VIII risk assessment guidance

will be used if applicable.

The following sections of the Human Health Risk Assessment Plan will be applicable to both
Phase I and Phase II tasks undertaken at OU4. Although the Phase I Work Plan objectives are
limited to characterization of the source term and soil contamination, this limited characterization
must meet the applicable data needs and data usability described in this section. Existing available
information on ground water, surface water, and air quality will be incorporated to the extent
practicable. This information can then be applied to each component of the risk assessment process,

and a partial Human Health Risk Assessment will be developed.

8.2 DATA COLLECTION/EVALUATION

This section outlines the process that will be used to identify source-related contaminants present
at OU4 at concentrations that could be of concern to human health. This process includes a
summary of historical and RFI/RI related data collected at OU4, an evaluation of historical and
RFI/RI data relevant to performing the Human Health Risk Assessment, and use of this information
to identify contaminants of concern (COCs). COCs include chemicals and other constituents, such
as metals or radionuclides, that are identified at the unit and evaluated in the Human Health Risk

Assessment.
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8.2.1 Data Collection

The first step in the process is a summary of all data available for use in the Human Health Risk
Assessment. This step identifies the historical data relevant to performing the Human Health Risk
Assessment, assembles Phase I RFI/RI data as they become available, and establishes data formats

to facilitate data evaluation. Data attributes important to this step include the following information:

+ Site description

Sample design with sampling locations

Analytical method and detection limit

Results for each sample, including qualifiers

Sample quantitative limits and/or detection limits for non-detects
Field conditions.

8.2.2 Data Evaluation
Historical and Phase I RFI/RI data will be further evaluated in part by EPA’s guidelines issued in
Guidance for Data Useability in Risk Assessment (EPA, 1990). Internal EG&G QA/QC guidelines

will also be used to evaluate the usability of historical data available. EPA has identified the

following data useability criteria:
» Assess data documentation for completeness
» Assess data sou.rces for appropriateness and completeness
» Assess analytical methods and detection limits for appropriateness
» Assess data validation review

¢ Assess sampling data quality indicators (completeness, comparability, representativeness,
precision, and accuracy)

« Assess analytical data quality indicators (such as spike recoveries, duplicates, and blanks)
for completeness, comparability, representativeness, precision, and accuracy.

Following completion of the Phase I RFI/RI data collection, analysis, and validation, new data will
be evaluated to determine if they support historical trends. Where new data and historical data
appear compatible, the historical data will undergo re-evaluation to identify those that could be used

quantitatively in conjunction with new data.

Based on the outcome of this evaluation, the data set containing historical and RFI/RI data that can
be used to support a quantitative Human Health Risk Assessment will be identified. Part of this

evaluation will include the most appropriate summary process and format. This will involve
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identifying statistical summary techniques that consider spatial and temporal data distributions,
determining if arithmetic or geometric means are appropriate, and determining the appropriate

method for dealing with non-detected values and qualified data. The data summary will include:

» The frequency of detection (number of positive detects/number of analyses) for each
compound and sample location

* The minimum- and maximum-reported concentrations for each compound at each sample
location.

Tentatively identified compounds (TICs) reported in the RFI/RI data will be evaluated relative to
their usefulness in the Human Health Risk Assessment. If only a few TICs are reported relative to
other contaminants, or if they are unrelated to the RFP, they will be excluded from the Human
Health Risk Assessment. If numerous TICs are reported and they appear related to the RFP, they
will be carried through the Human Health Risk Assessment only to the extent that they aid in
characterizing human health risk as needed for site decisions. It is unlikely that risks resulting from
exposure to TICs cannot be characterized at this time because of the absence of specific contaminant

identity and available toxicological information.

8.2.3 Hazard Identification

The objective of the hazard identification is to identify RFP-related contaminants of concern (COCs)

present at OU4 in concentrations high enough that may be of concemn relative to human health

considerations. Criteria for performing the hazard identification include but may not be limited to:
» Frequency of detection

« Environmental media concentrations exceed background concentrations
« Toxicity, mobility, and persistence.

From the list of valid data suitable for use in the risk assessment, potential site-specific COCs may

be identified based on the following considerations:

« The chemical is identified as a site-specific, waste activity related compound released from
an identified source at the IHSS.

» The concentration of the chemical exceeds the chemical-specific ARARs.

 The chemical is detected at a frequency greater than 5 percent of the time in an individual
media (e.g., surface soil, subsurface soil, alluvial ground water, etc.).

« The concentration of the chemical exceeds the 95 percent Upper Tolerance Limit of the
background concentration estimate.
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The chemical is a potential carcinogenic compound classified as: Group A - sufficient
evidence of carcinogenicity in humans, Group Bl - limited evidence of carcinogenicity in
humans, and Group B2 - sufficient evidence in animals with inadequate evidence in humans.

The occurrence of a non-carcinogenic compound in media at a concentration 0.1 times the
derived media concentration (DMC). (The DMC equals the exposure dose divided by the
reference dose.)

The chemical’s inter-media transport, persistence, and biometabolic characteristics.

The chemical’s role as a nutrient.

Depending on the number of site-related contaminants identified, one of two things will happen

under both current and potential future conditions:

1.

RFPawb.r

If only a few site-related contaminants are identified, all of them will be carried through
the risk assessment. The contaminants responsible for dominant risks at the site, as well
as those contributing lower risk, will be identified.
If a large number of site-related contaminants are identified, contaminants of concern may
be selected and carried through the risk assessment to characterize only those expected
to contribute the highest risk. contaminants of concern will then be selected in accor-
dance with the Risk Assessment Guidance for Superfund (U.S. EPA, 1989c) that requires
the following:

 Evaluating site historical information

 Evaluating contaminant concentrations and toxicities

+ Examining contaminant mobility, persistence, and bioaccumulation

 Identifying release mechanisms

» Identifying special exposure routes

« Evaluating contaminant treatability (retain those more difficult to treat than others)

» Assessing availability of contaminant ARARs

« Grouping chemicals by class according to structure-activity relationships or other similari-
ties ;

» Evaluating frequency of detection
» Estimating intake

« Identifying essential nutrients
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» Using a concentration-toxicity screen to identify those contaminants that are expected to
contribute the most to overall risks.

To judge the degree and extent of risk to public health and the environment (including plants,
animals, and ecosystems), the projected concentrations of COCs at exposure points will be compared
with ARARs, as stated in Section 3.0 of this Work Plan. Because ARARs do not exist for certain
media (such as soils), nor are all ARARSs necessarily health based, this comparison is not sufficient
in itself to satisfy the requirements of the risk assessment process. Moreover, receptors may be
exposed to contaminants in more than one medium so that their total doses might exceed risk
reference doses (RfDs) and/or might result in an excess cancer risk greater than an acceptable target
risk, as defined by EPA (e.g., 10 to 10*). Nevertheless, the comparison with standards and criteria
is useful in defining the exceedence of institutional requirements. Aside from the ARARSs discussed

in Section 3.0, the following criteria will be examined:
+ Drinking-water health advisories
» Ambient water quality criteria for protection of human health

» Center for Disecase Control and Agency for Toxic Substances and Disease Registry soil
advisories

o National Ambient Air Quality Standards.

Potential COCs will be evaluated in terms of all considerations in an iterative process. Thus, a
chemical may be eliminated as a COC on the basis of one criterion, but it may subsequently be
identified as a COC on the basis of another criterion (and vice-versa). Adequate documentation will

be prepared to justify including or excluding specific contaminants.

8.2.4 Uncertainty in Data Collection Evaluation

The assessment of the data collection process listed above involves the evaluation of five indicators:
completeness, comparability, representativeness, precision, and accuracy. Uncertainty within each
of these parameters will influence the selection of COCs,’ affect the estimates of average and
maximum concentration of the chemical, and ultimately influence the risk characterization results.
A qualitative identification of the key site variables such as sampling location, sampling frequency,
use of historical data, and selection of COCs will be performed for this Data Collection/Evaluation

Section.
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8.3 EXPOSURE ASSESSMENT

The exposure assessment objective is to determine how exposures to site contaminants could occur,

and to estimate the extent of exposure if it occurs. The exposure assessment includes several tasks:

o Characterize the exposure setting relative to contaminant fate and transport and potentially
exposed populations.

 Identify exposure pathways based on chemical source and release, exposure point, and
exposure route.

¢ Identify uncertainties associated with the exposure assessment that impact the risk character-
ization.

Exposure is defined as the contact of an organism with a contaminant or physical agent. The
magnitude of exposure is determined by measuring or estimating the amount of a contaminant
available at the exchange boundaries (i.e., lungs, intestines, and skin). When contaminants migrate
from the site to an exposure point (a location where receptors can come into contact with contami-
nants), or when a receptor directly contacts the contaminated media, exposure can occur. The
radionuclides present at this OU do produce an external exposure hazard albeit a minor one.

Nevertheless, this external exposure route will be assessed and used in the risk characterization.

8.3.1 Conceptual Site Model

The site conceptual model for OU4 (Figures 2-30 and 2-31) will be used to evaluate primary and
secondary contaminant sources and releases, and potential receptors and associated exposures. The
model helps to characterize the exposure setting relative to contaminant fate and transport mecha-
nisms through exposed receptors. The conceptual site model for OU4 may be revised on RFI/RI
data collected for the OU4 to incorporate new information. Although not explicitly described by
the OU4 conceptual site model, residential and occupational exposure pathways through ingestion,
inhalation, or dermal contact with site-related contaminants will be considered for evaluation in the
risk characterization if the revised conceptual model suggests they may be complete exposure

pathways. A completed exposure pathway consists of all five of the elements listed below:
1. Source of contaminant
2. Mechanism of chemical release to the environment
3. Environmental transport medium (e.g., air, ground water) for the released constituent

4. Point of potential contact of human or biota with the affected medium (the exposure
point)
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5. Exposure route (e.g., inhalation of contaminated dust) at the exposure point.

If any of these five elements is missing from a potential pathway, exposure cannot occur and thus
the pathway can be eliminated from the risk assessment process. The conceptual model contains
all potential exposure pathways, and part of the goal of the RFI/RI Work Plan is to determine if a

completed exposure pathway exists.

8.3.2 Contaminant Fate and Transport
The conceptual site model helps identify potential contaminant fate and transport mechanisms.
These could include soil contaminants leaching to ground water, soil entrainment and downwind
deposition, or surface runoff that transports surface soil downslope. Contaminant-specific character-
istics affect fate and transport. Chemical specific factors affecting the probability a contaminant will
migrate include, but are not limited to:

» Solubility
Partition coefficient
Vapor pressure

Henry’s Law constant
Bioconcentration factor.

The evaluation of these chemical specific factors will help determine if contaminants can migrate
from their sources to potential receptors, not only those identified under current use scenarios but

those identified under potential future exposure scenarios as well.

8.3.3 Exposure Pathways

By using the conceptual site model and information on contaminant fate and transport, exposure
pathways can be identified. The Human Health Risk Assessment will consider only complete
exposure pathways (or pathways that could be complete under potential future situations), those for
which data support the presence of a source, release mechanism, transport mechanism, exposure
route, and affected receptor. Complete exposure pathways include the receptors and exposure route

(ingestion, inhalation, and dermal).

8.3.4 Potential Receptors

The exposure scenarios that will be developed in the Human Health Risk Assessment may include
exposure of on-site workers, exposure of potential future receptors to contaminated media within

OU4, and exposure of off-site receptors to potentially contaminated ground water, surface water,
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and airborne soil particulates. The exact exposure scenarios to be considered will be selected
according to an assessment of future use (e.g., residential, recreational, restricted access) of the site

that may be made prior to completion of the Human Health Risk Assessment.

8.3.5 Exposure Point Concentrations

By using the data set identified as part of Subsection 8.2.2, and the results of contaminant fate and
transport modeling, exposure point concentrations of COCs will be estimated on the basis of
analytical results of the sampling program described in Section 7.0 of this Work Plan and available
relevant historical data. Some data will be collected at the point of exposure. Other data collected
at the source may be used in conjunction with a transport model to estimate expected concentration
at some exposure point. Because modeling may add uncertainty, the Work Plan emphasizes
collecting data at exposure points where possible (even though these data provide only a snapshot

of conditions in time and space).

Release and transport of contaminants in environmental media may be modeled using basic
analytical and/or numerical models recommended by EPA or the best model available, as determined
by a model performance evaluation. The models will be calibrated to improve performance using

site-specific parameters,

Model outputs will be characterized by estimating variance through an uncertainty analysis to the
extent required by the overall risk uncertainty analysis. Reasonable efforts will be made to
minimize the variance of model output. Other major contributors to the overall risk assessment
uncertainty include exposure factors used in the estimation of intake and the toxicity parameters

(reference dose and cancer slope factors) used to evaluate the effect of an acquired dose.

Exposure point concentrations will be expressed as reasonable maximum exposure (RME) concentra-
tions and average concentrations. RME concentrations are represented by the 95th percent confi-
dence limit on the average or the maximum-reported concentration, whichever is lower. Depending
on the quantity of data and their appropriateness for grouping, data distribution will be used to
determine the appropriateness of using geometric or arithmetic means to estimate the RME concen-

trations.

When feasible, a goodness-of-fit analysis will be conducted to correctly identify the distribution of

the data and the most appropriate measure of central tendency. The reasonable maximum concentra-
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tion will be the upper 95th percent confidence limit on the appropriate mean or maximum likelihood
estimate. In calculating the media concentrations, censored data (data sets with missing values, non-
detects, etc.) will be treated by appropriate methods such as those described in Statistical Methods
for Environmental Pollution Monitoring (Gilbert, 1987).

8.3.6 Contaminant Intake Estimation

In general, chemical intakes will be estimated using available, region-specific exposure parameters.
Deviation from standard parameters will be documented and submitted to the regional EPA office

for approval prior to preparation of the risk assessment.

Contaminant exposure (or intake) is normalized for time and body weight and is expressed as
milligrams of contaminant per kilogram of body weight per day (mg/kg/day). Radionuclide intake
is based on total activity and is expressed as picoCuries of radionuclide (pCi). Six basic factors are
used to estimate intake: exposure frequency, exposure duration, contact rate, chemical concentra-
tions, body weight, and averaging time. These factors are based on the types of exposure (e.g.,

residential or occupational, ingestion, or inhalation).

The RME and average exposure point concentrations are used in conjunction with receptor activity
patterns to estimate contaminant intake for each exposure route as appropriate. EPA requires using
95th percentile rates, 90th or 95th percentile values for exposure duration, and average values for
parameters such as body weight. For example, a residential land use scenario describes an adult,
weighing 70 kilograms, who works at home and consumes 2 liters of water and breathes 20 cubic
meters (m®) of air per day. The individual stays at home 350 days per year and lives in the same
residence for 30 years. Different parameters are used for children, adult workers, and recreational
exposures based on information provided by EPA in the Risk Assessment Guidance for Superfund,
Volume I: Human Health Evaluation Manual Supplemental Guidance, "Standard Default Exposure
Factors" Interim Final, March 25, 1991 (EPA, 1989b). Also, the averaging time for carcinogens

and non-carcinogens differ.

Other standard intake rates established by EPA that will be used, if appropriate, include the
following:
+ Soil ingestion rates for children ages 1 through 6

- Soil ingestion rates for all others (workers and residents more than 6 years of age)
+ Inhalation rates based on activity levels.
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Contaminant rates can also be estimated for dermal exposures. Of the three routes of exposure
(ingestion, inhalation, and dermal), the greatest uncertainty is associated with dermal exposures.
Part of this uncertainty results from the lack of chemical-specific permeability constants. The
Human Health Risk Assessment will calculate the estimated contaminant intake through dermal
exposures and compare the intake values to those calculated for ingestion as the basis for demon-

strating the significance of the dermal route relative to other routes of exposure.

Human intake of COCs will be estimated using reasonable estimates of exposure parameters. EPA
guidance, site-specific factors, and professional judgement will be applied in establishing exposure
assumptions. Using reasonable values allows estimation of risks associated with the assumed
exposure conditions without underestimating actual risk. The estimate of intake is the "intake
factor,” which may then be mathematically combined with the exposure point concentrations and

the critical toxicity values to determine cancer risks and hazard indices.

Depending on the data collected and the refinement of the conceptual site model, nontraditional
exposure routes that may be included in the Human Health Risk Assessment, include fish ingestion
and exposures resulting from recreational uses of the reservoirs (contact with sediments, ingestion,

and dermal contact with surface water) and the nearby open spaces (hiking, bicycling).
Other nontraditional exposure routes may be identified by using lad use data for the OU4 area.
These include exposure scenarios related to agricultural land uses and other recreational land uses

within the QU4 area.

8.3.7 Uncertainty in the Exposure Assessment

The ability to construct exposure scenarios for a site depends on the amounts and kinds of environ-
mental data collected for that purpose. Some uncertainty is inherent in environmental data collec-
tion. The numbers and kinds of uncertainties included in the exposure assessment directly impact
the risk characterization; many professional judgements impact the identification and description of
physical site attributes that affect exposure and activity patterns. One of the major areas of
uncertainty in the exposure assessment is the prediction of human activities that lead to contact with
environmental media and exposures to site-related contaminants. This section of the Human Health
Risk Assessment will identify and describe how site attributes related to environmental sampling
and analysis, fate and transport modeling, and exposure parameter estimation and assumptions about

them affect uncertainty relative to assessing risk. The exposure assessment uncertainty analysis will
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discuss the potential magnitude of over- or under-estimation, or both, provides an indication of the

impact, by orders of magnitude, the uncertainty imparts on the estimation of risk.

The uncertainty analysis will identify and evaluate non-site-specific and site-specific factors that
may produce uncertainty in the risk assessment, such as assumptions inherent to development of
toxicological endpoints (potency factors, reference doses) and assumptions considered in the
exposure assessment (model input variability, population dynamics). Statistical simulation tech-
niques (such as Monte-Carlo) may be employed for contaminants for which quantitative evaluation
is possible. The goal of this task will be to quantify, to the extent practicable, the uncertainty
propagated through the risk assessment process. The uncertainty analysis will present the spectrum
of potential risks under specified scenarios such that the risk management decision maker can obtain
an understanding of the level of confidence associated with all estimates of potential human health

risk.

8.4 TOXICITY ASSESSMENT

The objective of the toxicity assessment is to describe the contaminants considered in the Human

Health Risk Assessment relative to their potential to cause harm. The toxicity assessment has two
general steps. The first determines what adverse health impacts, if any, could result from exposure
to a particular contaminant. These are typically classified as carcinogenic and non-carcinogenic
health effects. The second step, dose-response evaluation, quantitatively examines the relationship

between the level of exposure and the incidence of adverse health effects.

Toxicity depends on the dose or concentration of the substance (dose-response relationship).
Toxicity values are a quantitative expression of the does-response relationship for a contaminant and
take the form of reference doses (RfD) and cancer slope factors, both of which are specific to

exposure via different routes.

Two sources of toxicity values are currently available for chemicals and radionuclides. The primary
source is the EPA’s Integrated Risk Information System (IRIS) database. IRIS contains up-to-date
health risk and regulatory information. IRIS contains only those RfDs and slope factors that have
been verified by the U.S. EPA work groups and is considered by U.S. EPA to be the preferred

source of toxicity information for chemicals.
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Following IRIS, the most recently available Health Effects Assessment Summary Tables (HEAST),
issued by the U.S. EPA’s Office of Research and Development, will be consulted to identify interim

RfDs and slope factors for radionuclides.

In addition to identifying appropriate toxicity values, this section of the Human Health Risk
Assessment will provide brief toxicity profiles based on recent, published literature for each
contaminant evaluated in the Human Health Risk Assessment. These profiles will describe the
acute, chronic, and carcinogenic health effects associatéd with site-related contaminants identified
in OU4. Acute and chronic exposure to site-related radionuclides will be discussed, but most of the
information presented will deal with the carcinogenic hazard posed by the site-specific radio-

nuclides.

8.4.1 Uncertainty In Toxicity Assessment

A summary of the uncertainty inherent in the toxicity values for the COCs shall be compiled and
included in the Human Health Risk Assessment. This summary shall include the following

information:

¢ Qualitative hazard findings
- potential for human toxicity

» Derivation of toxicity values
- human or animal data
- duration of study

« Potential for synergistic or antagonistic interaction with other substances

» Calculation of lifetime cancer risks on the basis of less than lifetime exposures.

8.5 RISK CHARACTERIZATION

This section of the Human Health Risk Assessment presents the evaluation of potential risks to

public health associated with exposure to contaminants at the OU4 site. Potential carcinogenic and
non-carcinogenic risks associated with complete exposure pathways will be estimated. Risk
characterization involves integrating exposure assumptions and toxicity information to quantitatively
estimate the risk of adverse health effects. Risk characterization will be performed in accordance
with EPA guidance (U.S. EPA, 1989b).
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Non-cancer risk will be assessed by comparing the estimated daily intake of a contaminant to its
RfD. This comparison measures the potential for non-carcinogenic health effects given the chemical
intake factors used to estimate exposure. To assess the potential for non-cancer effects posed by
multiple chemicals, EPA’s hazard index approach will be used. This method assumes dose
additivity. Hazard quotients (individual chemical intake divided by the chemical RfD) are summed
to provide a hazard index, and if the index exceeds one, a potential for health risk is suggested. If
a hazard index exceeds one, where possible, chemicals may be segregated by similar effect or target
organ to determine the potential health risks. Separate hazard indexes may be derived for each

effect if sufficient information or target organ specificity is available.

The potential for carcinogenic effects will be estimated by calculating excess lifetime cancer risks
from the lifetime average exposure and cancer slope factor. These will be upper-bound estimates
because methods used to estimate slope factors are regarded as upper bounds on potential cancer

risks rather than accurate representations of true cancer risk.

Both non-cancer and cancer risks will be estimated by using RME and average contaminant intake
values combined with exposure assumptions. This allows risk ranges to be considered rather than
a single value and more closely considers the uncertainty associated with the estimates. In addition,

risks may be added across exposure routes to assess the potential for additive affects.
Not all contaminants identified at OU4 will have toxicity values, thereby limiting the ability to
develop quantitative estimates of risk. Where adequate toxicity values cannot be identified,

potential risks associated with exposure to those constituents will be dealt with qualitatively.

8.5.1 Uncertainties in the Risk Characterization

The numbers and kinds of uncertainties identified in the Human Health Risk Assessment directly
impact the interpretation of estimated risks developed in this section. Quantitative risk estimates
derived in risk assessments are conditional estimates that include numerous assumptions about
exposures and toxicity. Uncertainty is introduced from a variety of sources, including, but not
limited, to the following sources:

» Sampling and analysis

» Exposure estimation
» Toxicological data.

RFPawb.r . 8-14 11120191



As stated in the RAG (U.S. EPA, 1989c¢), a highly quantitative statistical uncertainty analysis is
usually not practical or necessary for site risk assessments. As in all environmental risk assess-
ments, it is already known that the uncertainty about the numerical results is large. Consequently,
it is more important to identify the key site related variables and assumptions that contribute most

to the uncertainty than to precisely quantify the degree of uncertainty in the risk assessment.
At a minimum, uncertainty will be described qualitatively in terms of under-or over-estimation of

risk, or both. If possible, uncertainty may be described quantitatively using sensitivity analyses or

other numerical models.
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TABLE 8.1

EPA GUIDANCE DOCUMENTS WHICH MAY BE USED
IN THE RISK ASSESSMENT TASK

EPA'’s Integrated Risk Information System (IRIS) — Office of Research and Development (continu-
ously updated). Agency’s primary source of chemical-specific toxicity and risk assessment
information. Includes narrative discussion of toxicity database quality and explains derivation of
Reference Doses, cancer potency factors, and other key dose response parameters. IRIS presents
information that updates data originally presented in Exhibits A-4 and A-6 of the SPHEM (see
below). Further information: IRIS Users Support, 513-569-7254 (U.S. EPA, 1986b).

Health Effects Assessment Summary Tables (HEAST) — Office of Research and Develop-
ment/Office of Emergency and Remedial Response (updated quarterly). Because the IRIS chemical
universe (while growing) is currently incomplete, the HEAST has been produced to serve as a
"pointer” system to identify current literature and toxicity information on important non-IRIS
chemicals. While HEAST data in some cases may be "Agency-verified," the information is
considered valuable for Superfund risk assessment purposes. Available from Superfund docket, 202-
382-3046 (U.S. EPA, updated quarterly).

Risk Assessment Guidance for Superfund, Human Health Evaluation Manual Part A, Interim Final
— Office of Emergency and Remedial Response. This volume provides updated risk assessment
procedures and policies, specific equations and variable values for estimating exposure, and a
hierarchy of toxicity data sources. There is an expanded chapter on risk characterization to help
summarize information for the decision makers and detailed descriptions of uncertainties in risk
assessment (U.S. EPA, 1989b).

OSWER Directive on Soil Ingestion Rates — Office of Solid Waste and Emergency Response
(January 1989), OSWER Directive No. 9850.4. Recommends soil investigation rates for use in risk
assessment when site-specific information is not available. Available from Darlene Williams, 202-
475-9810 (U.S. EPA, 1989D).

Ecological Assessment of Hazardous Waste Sites: A Field and Laboratory Reference — Office of
Solid Waste and Emergency Response EPA 600-3/89/013. This report is a field and laboratory
reference document that provides guidance on designing, implementing, and interpreting ecological
assessments of hazardous waste sites. It includes sections on ecological endpoints, field sampling
design, quality assurance, aquatic and terrestrial toxicity and field survey methods, recommended
biomarkers, and data analysis (U.S. EPA, 1989d).

Risk Assessment Guidance for Superfund — Environmental Evaluation Manual, Interim Final
(RAGS-EEM) — Office of Emergency and Remedial Response (March 1989), EPA/540/1-89/001A.
Provides program guidance to help remedial project managers and on-scene coordinators manage
ecological assessment at Superfund sites (U.S. EPA, 1989c¢).

Exposure Factors Handbook — Office of Research and Development (March 1989), EPA/600/8-
89/043. Provides statistical data on the various factors used in assessing exposure; recommends
specific default values to be used when site-specific data are not available for certain exposure
scenarios. Further information: Exposure Methods Branch, 202-382-5988 (U.S. EPA, 1989f).
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TABLE 8.1 (continued)

EPA GUIDANCE DOCUMENTS WHICH MAY BE USED
IN THE RISK ASSESSMENT TASK

Superfund Public Health Evaluation Manual (SPHEM) — Office of Emergency and Remedial
Response (U.S. EPA, 1986a), EPA/540/1-86/060. Describes sources of information useful in
conducting risk assessments. Currently under revision.*

Guidance for Conducting Remedial Investigations and Feasibility Studies Under CERCL A — Office
of Emergency and Remedial Response EPA/540/8-89/004. This guidance document is a revision

of the U.S. EPA’s 1985 guidance. It describes general procedures for conducting an RI/FS (U.S.
EPA, 1988a).

Superfund Exposure Assessment Manual (SEAM) — Office of Emergency and Remedial Response
(April 1988), EPA/540/1-88/001. Provides a framework for the assessment of exposure to contami-

nants at or migrating from hazardous waste sites. Discusses modeling and monitoring* (U.S. EPA,
1988d).

CERCLA Compliance with Other Laws Manual — Office of Emergency and Remedial Response.
The guidance is intended to assist in the selection of on-site remedial actions that meet the applica-
ble or relevant and appropriate requirements (ARARSs) of the Resource Conservation and Recovery
Act (RCRA), Clean Water Act (CWA), Safe Drinking Water Act (SDWA), Clean Air Act (CAA),
and other federal and state environmental laws as required by CERCLA, Section 121 (U.S. EPA,
1988b).

Guidance for Data Useability in Risk Assessment — Interim Final 1990. EPA/540/G-90/008 (U>S>
EPA, 1990).

Federal Guidance Report No. 10 — The Radioactivity Concentration Guides -- Office of Radiation
Programs (U.S. EPA 1984) EPA/520/1-84/010.

Federal Guidance Report No. 11 — Limiting Values of Radionuclide Intake and Air Concentration
and Dose Conversion Factors for Inhalation, Submersion and Ingestion -- Office of Radiation
Programs (U.S. EPA 1988e) EPA/520/1-88/020.
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9.0 ENVIRONMENTAL EVALUATION

9.1 INTRODUCTION

The objective of this Environmental Evaluation Work Plan (EEWP) is to provide a framework for

addressing and quantifying the ecological effects on the biotic environment (plants, animals,
microorganisms) from exposure to contaminants within OU4, the Solar Ponds. This EEWP is based
on an ecosystem approach to ecological risk assessment to ensure that effects of contamination at
the ecosystem level of biological organization are also considered (U.S. EPA, 1989¢). The ecosys-
tem approach is comprehensive in that it initially integrates all ecosystem components, then
progressively focuses on aspects of the system such as populations, structure, productivity, or
diversity that are potentially affected by contamination. This approach allows decisions to be made
on choices of sampling and analysis for determining effects. The result is an evaluation of the
nature and extent of contamination in biota, its relationship to abiotic sources, and the type and
extent of adverse effects at the ecosystem, population, and community levels of biological organiza-

tion.

This plan conforms to the requirements of current applicable legislation, including CERCLA, as
amended by SARA. Guidance was provided by the NCP and EPA documents for the conduct of
RCRA RFI/RI activities. Specifically, guidance was taken from Risk Assessment Guidance for
Superfund, Volume II, Environmental Evaluation Manual (U.S. EPA, 1989¢) and Ecological
Assessment of Hazardous Waste Sites (EPA 1989d). Although a formal Natural Resource Damage
Assessment (NRDA) process has not been initiated at Rocky Flats, this EEWP was also designed

to be consistent with the NRDA process to the maximum extent possible.

Determination of the effects on biota from exposure to contaminants will be performed in conjunc-
tion with the human health risk assessment for OU4. Where appropriate, criteria necessary for
performing the Environmental Evaluation (EE) will be developed in conjunction with human health
risk assessments and environmental evaluations for all Rocky Flats operable units. Information from
the environmental evaluations will assist in determining the type, feasibility, and extent of remedia-

tion necessary for OU4 in accordance with RCRA.

Documents reviewed during preparation of this EEWP include the Final Environmental Impact
Statement (EIS), Rocky Flats Plant (U.S. DOE, 1980); the Draft Final Phase 1 RFI/RI Work Plan
for OU7 (EG&G, 1991f); the previous draft Phase 1 RFI/RI Work Plan for OU4 (U.S. DOE, 1990b);
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and the proposed IM/IRA Decision Document for OU4 (U.S. DOE, 1991b). New data generated
by the implementation of this Phase I Work Plan and other sitewide studies will be reviewed as they
become available. This EEWP will be coordinated with the interim remedial actions being planned
for the Solar Ponds which is scheduled to start during the implementation of the ecological field
studies (see Section 9.2.3). ‘

An initial site visit was conducted at OU4 to note present site conditions, the nature and extent of
terrestrial and aquatic ecosystems, and plant and animal habitats. The study area for the EE was
preliminarily defined to help scope the investigation as well as to physically locate the study area
in relationship to the downgradient Walnut Creek (OU6) and Woman Creek (OUS). There is not
a no-action scenario for conducting this EE since, by necessity and at a minimum, the work plan
must take into account present plans to evaporate the water in the ponds and begin the implementa-
tion of additional interim remedial actions. Other activities for pond closure and transfer or fixation
of wastes will also be evaluated for future conditions and effects on the environmental evaluation

such as contaminant form and concentration and potential for release into environmental media.

9.1.1 Approach and Scope
This plan presents a comprehensive approach to conducting the EE of OU4. Guidance for develop-

ment of this EEWP was taken from EPA’s Environmental Evaluation Manual (U.S. EPA, 1989c¢).
This approach was designed to ensure that all procedures to be performed are necessary and
appropriate to adequately characterize the nature and extent of environmental effects to biota under
a remediation and future conditions scenario. The approach presented in this plan is adapted from
the toxicity-based assessment of ecosystem effects (U.S. EPA, 1989c). This is based on standard
risk assessment concepts in that hazards from contaminants are assessed for toxicity, exposure is
determined, and impacts and risks characterized. Uncertainties with regard to potential ecosystem
effects are explicitly recognized and, where possible, quantified. The planned approach for the OU4
EE is designed to provide weighted "best evidence" as to whether estimated damage is due to the

contamination in question.

Three types of information will be used (U.S. EPA, 1989d):
1. Chemical - Sampling and analyses to establish the presence, concentrations, and variabili-

ty of distribution of specific toxic compounds (to be conducted under the RFI/RI abiotic
sampling program)
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2. Ecological - Ecological surveys to characterize the condition of existing communities and
establish whether any adverse effects have already occurred

3. Toxicological - Toxicological and ecotoxicological testing to establish the link between
adverse ecological effects and known contamination

These three types of data are necessary to exclude factors other than contamination as the source

of apparent ecological impacts at the study site.

The ecological assessment scheme adopted for the OU4 EEWP blends standard risk assessment
methods with ecological and toxicological modeling to produce an integrated procedure for selecting
Contaminants Of Concemn (COCs) and target species and for conducting an investigation of
ecosystem effects resulting from contamination. As recommended by EPA (U.S. EPA, 1989c), the
EE is not intended to develop into a research-oriented project. The EEWP is designed to provide
for a focused investigation of the potential effects of contaminants on biota at OU4. Contamination
that occurs outside the boundaries of OU4 as a result of migration of contaminants in adjacent
watersheds or drainages will be integrated with other OU environmental evaluations for potential
effects. Migration of contaminated surface or ground waters could potentially cause ecological

effects in the Walnut Creek and Woman Creek drainages.

The EE tasks identified at OU4 will be coordinated with RFI/RI activities at other operable units
at Rocky Flats. Coordination with OU5 (Woman Creek) and OU6 (Walnut Creek) activities will
be particularly important because OUs 5 and 6 are located down slope and down gradient of OU4.
Contamination from the Solar Ponds has potentially migrated and impacted ecosystems within these

drainages.

The general methodology for conducting the EE for QU4 can be described as implementing four
major steps: contaminant identification, exposure assessment, toxicity assessment, and impact/risk
characterization. The ecological assessment using the ecosystem approach has additional needs in
developing the information and data base. These needs include: ecological site characterization for
biotic and abiotic factors, determining contaminants of concern and target species, and developing
and implementing a sampling and analysis plan. Conceptual models for food webs, transport,
exposure, uptake and determining effects need to be developed during the implementation of the EE.
Selection of ecological measurements, "endpoints”, for determining effects depends on identifying

contaminants and target species or ecosystem processes from site specific data.
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The EE for OU4 is divided into ten tasks for developing data and information and implementing the
procedures. These tasks and their interrelationships are shown in Figure 9-1. The tasks are

summarized below. A more detailed description of task activities is presented in Section 9.2.

Task 1: Preliminary Planning and Conceptual Model Development

Task 1 was partially completed during preparation of this Work Plan. Additional work will focus
on planning and coordination necessary to carry out the detailed planning and implementation of
the OU4 EE with other OU4 RFI/RI activities and with EEs for other operable units. Task 1 will
include a detailed determination of the scope of work and definition of the study area. Methods for
developing Data Quality Objectives (DQOs) will be refined and implemented in Task 1 according
to EPA guidance (U.S. EPA, 1987), and procedures for monitoring and controlling data quality will
be specified. Criteria developed for selection of contaminants of concern, target species, and
reference areas (if needed) will be reviewed and used. Conceptual models for conducting the EE,

such as pathway analysis, exposure assessment, food webs, and ecological effects will be developed.

Task 2: Data Collection/Evaluation and Preliminary Risk Assessment

Task 2 was also partially completed and will include further review, evaluation, and summary of
available chemical and ecological data, formation of data groups, and identification of data gaps.
The information will be compiled into an integrated data base. The study site will be further
characterized for existing ecological parameters for abiotic factors, ecosystems and habitats present,
and biotic resources during Task 3. Information and data gaps will be identified. Based on existing
data, a preliminary assessment of risks to biota and the environment will be performed for use in
completing and verifying the list of COCs presented in Section 9.2.2.4. As part of this preliminary
ecological risk assessment, the food web model will be utilized and preliminary exposure pathways
will be identified. Results of this task will be used to refine the ecological and ccotoxicological

field investigation sampling designs, and the field sampling plans.

Task 3: Ecological Field Investigations
Task 3 will include preliminary field surveys and an ecological field inventory to characterize OU4

biota and their trophic relationships, and to note locations of obvious zones of chemical contamina-
tion. The site characterization program with identify and describe the environmental media
important for the EE. Brief field surveys of vegetation types in OU4 will be conducted to obtain
information on the occurrence, distribution, variability, and general abundance of important or

widespread plant and animal species. The need for any qualitative aquatic surveys for this task will
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be determined based on site investigations (U.S. EPA, 198%¢). Field inventories will be conducted
in late spring and summer to obtain quantitative data on community composition in terrestrial and,
if present, aquatic habitats. Samples collected as part of the activity may be preserved for tissue
analyses, where COCs have been identified. Task 3 may possibly include aquatic toxicity tests of
pond or surface water and sediment using standard tests only if there is water present that is
determined to be a hazard due to contamination. As part of these activities, all collected field data
will be reduced, evaluated, compared with, and integrated into the existing data bank to update

knowledge of site conditions.

Task 4 through 7: Contamination Impact Assessment

Task 4: Toxicity Assessment

Task 4 will entail compilation of toxicity literature and toxicological assessment of potential adverse
effects from COCs on target taxa. Potential effects on target taxa will be identified and compared
to exposures relative to values from literature. Toxicity profiles and values for COCs will be
developed, and other types of effects such as biomarkers or ecosystem disfunctions will be deter-

mined. This task will be performed in conjunction with Task 5.

Task 5: Exposure Assessment and Pathways Model

In this task, site-specific pathways model(s) will be verified based on the ecological field investiga-
tion and inventory. This source-receptor pathways model will be used to evaluate the transport of
OU4 contaminants to target taxa, the biological receptors. The pathways model is based on a
conceptual pathways approach (Fordham and Reagan, 1991) which describes the actual or potential
contaminant releases and an initial determination of the movements and distribution cf contaminants.
The likely interactions among ecosystem components, and expected exposures, chemical intake, and
impacts to biota will be determined. Exposure intake and level of dose will be estimated or
determined by measurement of concentration in media and biotic material, or through literature
values. This effort will be coordinated with those of investigations in other operable units to avoid
duplication of effort and to ensure consistent data collection techniques and consistent assessment

of environmental risk.
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Task 6: Preliminary Contamination Risk Characterization
Task 6 will provide an analysis of the actual or potential risk to ecological receptors posed by actual

or potential exposure to OU4 contaminants and a summary of risk-related data pertaining to the site.
Determinations will be made as to the magnitude of the effects of contamination on QU4 biota. The
actual or potential effects of contamination on ecological endpoints (e.g., species diversity, food web
structure, productivity) will also be addressed. Depending on the DQOs and the quality of data
collected, the contamination risk characterization will be expressed qualitatively, quantitatively, or
as a combination of the two, using a "weight of evidence" approach. If sufficient information is
available, Task 6 may also include preliminary derivation of remediation criteria. Development of
these criteria will include consideration of (1) federal and Colorado laws and regulations pertaining
to preservation and protection of natural resources and (2) RCRA risk-based criteria (or other

criteria; see Section 9.2.1.4) for concentrations of contaminants in environmental media.

Task 7: Uncertainty Analysis

Task 7 includes identifying assumptions and determining sources of error for evaluation of uncer-
tainty in the environmental risk assessment analysis. Information will be summarized for the
analysis of magnitudes of uncertainty and address the level of confidence in the quantitative values
presented in the risk characterization. The analysis will specify sources of uncertainty and limita-
tions of the EE. Task 7 will also include identification of data needs to calibrate and validate the

exposure pathways models developed in Task S.

Task 8: Final Planning for Field Investigations
Task 8 will include planning of field sampling activities and development of additional DQOs with

respect to the conduct of the ecotoxicological field investigation and tissue sample analysis. The
need for measuring additional population endpoints (such as reproductive success or enzyme
inhibition) will be evaluated on the basis of the Task 3 preliminary ecological risk assessment.
DQOs to be achieved by such sampling will be defined according to EPA guidance (U.S. EPA,
1987). Scoping and design of the Task 8 field studies will be based initially on the outcome of the
Task 2 preliminary ecological risk assessment and results of Task 3 field activities. The program
will develop more specific DQOs, select field methodologies and refine the field sampling plan.
Field sampling will be performed only where acceptance criteria for demonstrating injury to a
biological resource will be satisfied in accordance with regulations under the NRDA (43 CFR
Subtitle 1, Section 11.62 [f]).
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Task 9. Ecotoxicological Investigations

Task 9 will include collection of samples for tissue analysis and any additional ecotoxicological
field investigations according to the revised FSP developed in Task 8. Samples collected in Task
3 field studies will be used when possible (e.g., when contaminants of concern have been identified
and sampling protocols are in place); new samples will be collected if necessary. Task 9 will also
include tissue analysis studies for concentration of contaminants and correlation with concentrations
in environmental media. Additional ecotoxicological field investigations may be conducted to
collect data, measure effects and validate exposuré or dose models. A complete data validation will

be performed at the completion of this task.

Task 10: Environmental Evaluation Report

Results from Tasks 8 and 9 will provide a additional characterization of contamination effects on
biota at OU4 and will be used in the further evaluation of population or ecosystem effects in a final
contamination risk assessment. Information on site environmental characteristics and contaminants,
characterization of effects, remediation criteria, conclusions, uncertainty analysis, and limitations
of the assessment will be summarized in the EE report. An initial draft report will be written which

includes remediation criteria.
Each of the preceding tasks is described in further detail in Section 9.2. The field sampling plan
presented in Section 9.3 addresses both the Task 3 ecological investigation and the Tasks 8 and 9,

ecotoxicological field investigations.

9.1.2 Contamination Summary

A summary of the contamination that could impact ecological receptors is presented in this section;
data pertaining to the nature of contamination are presented in detail in Section 2.5. The data
needed to fully characterize contamination at OU4 are insufficient and sometimes lack valida-
tion/verification. Therefore, more extensive data will be collected during the soil sampling programs
in this RFI/RI and will be used in the assessment of contamination potentially harmful to biota.
Additional soil sampling locations for the EE may be required to measure contaminant concentra-
tions in relation to biota, and identify the availability of nutrients and other ecologically relevant

soil conditions.

Review of the information on the Solar Ponds area (Rockwell Intemnational, 1988a; Dames and

Moore, 1991; and U.S. DOE, 1991b) and information supplied on soil surveys indicates that
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contamination has resulted from emplacement of fluids containing process waste materials in the
. ponds. The process wastes in the pond liquids contain nitrates, heavy metals, some volatile
compounds, and radionuclides. A summary of these potential contaminants are presented in Tables
9-1, 9-2 and 9-3. The tables are incomplete since some of the information has yet to be verified
and the summary tables were constructed from other reports. In Table 9-2, uranium of an unknown
isotope is recorded because of a high reported concentration. In Table 9-3, volatile organic
concentration values from the ITS water samples were not validated. Results from environmental
samples indicate that leakage from the ponds has contaminated soils and ground water. Additional-
ly, it is highly suspected that contamination has been released and deposited onto soil surfaces

through air pathways from routine maintenance and cleanup activities.

The interceptor trench system (ITS) constructed on the hillside northeast of the ponds collects
ground water and pond leakage. ITS water flows by gravity to a sump and is pumped into the
207-B pond. This seepage water contains inorganic materials, mostly nitrates, radionuclides and low

levels of volatile compounds.

9.1.2.1 Approach to Identification of Contaminants of Concern in the EE

. COCs are chemicals associated with activities at a hazardous waste site that are suspected to occur
in environmental media. They have the potential to damage natural populations or ecosystems. In

this context, the word "chemicals” includes organic compounds, inorganic compounds, radionuclides,

ions, and elemental metals. The list of COCs will be used to select target analytes for testing biota

and/or environmental media for contamination amounts and chemical forms.

Depending on physical properties, contaminants may become differentially distributed among
environmental media or among components within a medium. The result may be differential
exposure of species or populations to the contaminant. The factors affecting distribution in

environmental media include:
* Persistence -- The resistance to degradation by abiotic or biotic processes
* Volatility -- Thé tende.ncy to volatilize, thus reducing soil or water concentration
» Mobility -- The degree to which a chemical tends to migrate within or between environmen-

tal media, thus placing further resources at risk; or the chemical is strongly absorbed or
adsorbed on soil or sediment particles
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s Solubility - The solubility in aqueous solutions, which may affect mobility in surface and
ground water

+ Differential Accumulation - The tendency to segregate into different environmental media
or components of a single medium.

These factors will be considered when developing a target analyte list for analyses of specific
organisms, tissues, or abiotic media.

9.1.3 Terrestrial and Aquatic Ecosystems and Habitats

An initial site visit was conducted on OU4 to determine the extent of the ecosystems and habitats
present on the site and to determine the study area for OU4 in relationship to other OUs. The
location and configuration of the Solar Ponds are given in detail in Section 2.0. This Section also
includes former and current uses, management, and process wastes handled. An interceptor trench
system to the north of the ponds collects seepage water which is pumped back to the ponds. The
configuration of the ponds and location in relationship to adjacent drainages and managed pond
systems are described in Section 2.0 and shown in Figures 2-2 and 2-22. Because the ponds and
surrounding area are within a high security area, a chain-link fence excludes large mammals and
limits access to smaller animals. Other site characteristics of topography, hydrology, and geology
that will affect the pathway analysis in the EE are discussed in Section 2.0. There is no information

currently available for basing the OU4 EE on contaminant concentration in the biota.

The ecosystems and habitats at OU4 and in the proposed study area have been highly altered by
construction and operation of the ponds and other surrounding facilities. There are no natural
ecosystems present, although the OU4 unit has some vegetation reestablished by reseeding and
natural seeding (mostly weeds) and some wide ranging and hardy animals. The following is a brief

description based on the initial site visit and general information in other reports.

9.1.3.1 Types, Condition, and Extent

The terrestrial ecosystems are highly modified and in the first stages of revegetation by plants and
invasion by smaller animals. Weedy vegetation has established on and around the ponds on bare
soil in adjacent level construction fill, and in cracks in liners. The fill slope to the north of the
ponds has a grass/weed vegetation with small wetlands developed around two seeps. Arthropods
and other invertebrates were observed on plants and birds occasionally visit the site. Small

mammals such as deermice are expected. Cottontails were seen and scat from either a fox or a
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coyote was observed. There are no wetlands in the OU4 area, but the impact and study area
contains small seeps and seasonal wetlands. Aquatic ecosystems are lacking on OU4 and the study
area which is at the head of a drainage and there are no streams or natural bodies of water. The
ponds cannot be considered as aquatic ecosystems due to use and management practices and the lack
of viable aquatic organisms and food webs. Algae mats seasonally grow on the ponds and were
observed on Pond 207-B North during the site visit in September 1991. The areas to the north and
east are the drainages of Walnut Creek which have both terrestrial and aquatic ecosystems. These
could potentially be impacted by contaminants from OU4. As mentioned previously, North Walnut

Creek is a separate OU and its EE will be coordinated with the EE for OU4.

Habitats in the area were identified according to SOP S5.11 - Identification of Habitat Types (Figure
9-2). Habitats at OU4 and the study area are greatly influenced by the ponds construction and uses
and are all disturbed types. The main habitat on OU4 is disturbance/barren land areas with a few

areas of the cheatgrass/weedy forbs habitat. Although there is open water at present in the Solar

Ponds as impoundment type habitats, this open water has little aquatic biota and is being evaporated
and not replaced. It is not expected to be present by the time this EEWP is implemented. Water-
fowl are reported to land on the ponds although they do not use the ponds for nesting or feeding.
The proposed study area includes the fill slope to the north and a portion of the area on the

interceptor trench system which has a mixed grassland complex of seeded and adventive plant

species, and small areas of short marsh around seeps.

No systematic assessment of vegetation cover and species richness or animal species was conducted
in the September 1991 site visit. Observations were made on the plant species present and notes

on the presence or signs of animals.

9.1.3.2 Biotic Taxa

The biotic species observed and known to be present on OU4 and the proposed study area are small
in numbers and diversity compared to the RFP and surrounding area. This lack of numbers and
diversity is due to the large bare areas, fragmentation and small areal extent of plant communities,
limited access, and the Weedy and grass habitat in the first stages of establishment and succession.
Plants species are primarily grasses and weedy forbs with no shrubs or trees. Animal species are
those adapted to disturbances or are wide ranging, mobile, and able to penetrate the fencing. The
higher trophic levels of consumer and predators are few, and those present are in small numbers or

are occasional visitors not restricted to the ecosystems at OU4.
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9.1.3.3 Protected Species and Habitats

OU4 has a restricted area with controlled access and no areas of natural habitat. Use of the area
by endangered species of plants and animals is reduced due to lack of habitat. Endangered animal
species potentially of interest in the Rocky Flats area are the black-footed ferret, peregrine falcon,
and bald eagle (EG&G, 1991m). Black-footed ferrets are not known to occur in the vicinity of RFP,
and their critical habitat consists primarily of colonies of its major food item, the prairie dog.
Prairie dog colonies do not exist in the Solar Ponds area. Bald eagles occur occasionally in the RFP
area, primarily as irregular visitors during the winter or migration seasons. No roost areas or nest
sites exist at RFP. Peregrine falcons may occur as migrants. A pair has reportedly nested approxi-
mately 10 km to the northwest in 1991. It is possible that the hunting territory of the nesting
peregrines will include Rocky Flats, although suitable habitat and prey is lacking at the Solar Ponds.

Other wildlife species of higher federal interest that are potentially present at RFP include the white-
faced ibis, mountain plover, long-billed curlew, Preble’s meadow jumping mouse, and swift fox
(EG&G, 1991m). To date, these species have not been documented to occur at RFP. An additional
species, the ferruginous hawk, is known to occur near RFP and is likely to visit the site as a migrant
or winter vagrant. Ferruginous hawks may also breed in the RFP vicinity; if so, their hunting
territory could include RFP. Hunting territory and potential nesting sites of scattered trees and

rocky ridge tops do not exist at QU4.

Four plant species of special concern that are potentially present include one species proposed for
federal listing as a threatened species (Diluvium lady’s tresses), one species of high federal interest
(Colorado butterfly plant), and two species of concern in Colorado (forktip three-awn and toothcup).
One of these species was found at RFP during a recent survey; forktip three-awn was recently found
along a railroad grade and also reported along Woman Creek in 1973 (EG&G, 1991m). No potential

habitat for these species exists within the study area for QU4.

Several wetlands identified at RFP are protected under state and federal laws (EG&G, 1990c).
Wetlands at RFP were identified in conjunction with the National Wetlands Inventory (U.S. Fish
and Wildlife Service, 1979) and field checked by U.S. Army Corp of Engineers personnel to verify
their jurisdictional status. Areas officially designated as wetlands at RFP include reaches of an
unnamed tributary to Walnut Creek and the East Landfill Pond. These wetlands consist of emergent,
intermittently flooded stream channels and artificial, semipermanent ponds (wetlands types PEMW

and POWKEF, respectively; see U.S. Fish and Wildlife Servicé, 1981). Small marshy areas occur
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on the study area around seeps. Wetlands downstream along Walnut Creek in OU6 are dominated

by a narrow band of cattails with occasional cottonwoods, willows, and other shrubs.

9.2 ENVIRONMENTAL EVALUATION TASKS

This EE will include qualitative and quantitative éppraisal of actual and/or potential injury to biota,
other than humans and domesticated species, due to contamination at OU4. The procedures are
intended to reduce the uncertainty associated with understanding the environmental effects of

contaminants and remedial actions.

The following plan for OU4 provides a framework for review of existing data, the conduct of
subsequent field investigations, and preparation of the contamination risk assessment. Methodolo-
gies for the ecological and ecotoxicological field investigations (Tasks 3 and 8) are described in the

Field Sampling Plan (FSP) presented in Section 9.3.

9.2.1 Task 1: Preliminary Planning and Conceptual Model Development
This task includes coordination of the EE with other studies of the RFI/RI tasks and adjacent OUs,

determination of the scope of the EE and study area, detailed conceptual model developments and
decision points, identification of DQOs, and a selection of COCs, target species, and reference areas.
Portions of the planning were completed for this EE Work Plan that included review of some

reports, an initial site visit for site biota and environment, and preparation of the FSP.

9.2.1.1 Coordination with RFI/RI Work and Other Operable Units
During this task, the EE work will be coordinated with the human health risk assessment for OU4,

adjacent offsite OUs, and the site characterization studies for contaminants in environmental media.
Sample sites for biota and contaminants will be coordinated with the field sampling plan for OU4,
and the EE field sampling plan will be tied into those for Walnut and Woman Creek to avoid
duplication. The COCs for the OU4 EE will be used to suggest surveys, measurements, and
collection of samples on the adjacent OUs. Information developed for these OUs will be compared
to OU4. Environmental pathways for fate and transport of contaminants, toxicities, and exposures
will be compared to those used in the human health risk assessment. This is a continuing task that

will require coordination throughout the various tasks to conduct the EE investigations.

9.2.1.2 Define Scope and Study Area
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The final scoping of the EE tasks and study area will describe the kind and amount of information
that will be collected in the study area. The ecological parameters that are to be measured,
estimated, and calculated will be refined. The time frame and boundaries of the study area will be
designated to correspond with seasonal biological sampling. The boundary of the study area will

extend beyond the boundaries of OU4 but will be integrated with boundaries for EEs at adjacent
OUs.

9.2.1.3 Data Quality Objectives

The primary objective of the EE is to collect data necessary during the RFI/RI process to quantify
risks to ecosystems or components. There are developed in conjunction with the RFI/RI procedures.
Preliminary DQOs for Task 3 activities were developed according to the process prescribed by EPA
(U.S. EPA, 1987). DQOs for Task 9 field activities will also be developed using this process. The
DQO development process as recommended by EPA includes three stages:

¢ Stage 1 - Identify decision types -- The decisions and data users for which the data will be

collected to support will be defined. Available data and a conceptual model for the study
area will be developed so that specific objectives can be formulated.

» Stage 2 - Identify data uses and needs -- The specific uses and types of data needed to meet
specific objectives will be defined. The quality and quantity of the required data, including
resolution and sample size, will be estimated.

» Stage 3 - Design data collection program -- The methods by which data are to be collected
will be outlined and documented. QA/QC methods will be developed and documented.

Existing environmental data and the site conceptual model presented in Section 2.0 will be used to
assess potential exposure points and pathways, and general objectives of the sampling program will
be identified. Based on the types of data needed to address the objectives, sampling locations and
methods will be better identified. Final details of the field program defined in the field sampling
plan (Section 9.3) will be reviewed prior to the beginning of fieldwork. At that time, it will be

verified that sampling locations and methods are appropriate for existing conditions.

9.2.1.4 Selection Criteria for Contaminants of Concern, Target Analytes and Taxa, and Reference

Areas
In preparing this EEWP, a list of COCs was preliminarily identified using the criteria presented

below and is presented in Section 9.2.2.4. These criteria were developed in concert with EG&G and
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have been reviewed by EPA. The list identified is preliminary because of the limited amount of

data available at the time this work plan was prepared. The final identification of COCs will be

based on criteria in three general categories: documentation of occurrence of the chemical in

environmental media, ecotoxicity of the chemical, and extent of contamination at the site. Existing

data from analysis of biological samples will also be used to determine occurrence of a contaminant.

These criteria are discussed in more detail below.

RFPawb.r

Occurrence - The known or suspected occurrence of a chemical in environmental media will
be ascertained from:

Existing data from abiotic media (soil, water, air), or from biota

Waste stream identification and disposal practices

Process analyses to identify potentially hazardous substances used in large quantities
Historical accounts of use or accidental release.

The resulting list of chemicals will then be evaluated for ecotoxicity and the extent of
contamination at the site. :

Ecotoxicity - For purposes of inclusion in COCs, the ecotoxicity of a chemical will be
determined from its documented adverse effects on biota, or potential for intensifying of
toxic effects of other chemicals. A chemical will be considered for inclusion on the list of
COCs if, at levels detected within the OU, it exhibited:

- Acute and chronic toxicity, including mortality and teratogenicity; or

- Sublethal toxicity, including reduced growth rates, reduced fecundity, and behavioral
effects; or v

- Toxicity resulting from bioaccumulation due to absorption of the chemical directly from
environmental media or ingestion of contaminated food items.

The above information will be extracted from federal or state regulatory guidelines,
chemical information and data bases, or scientific literature. The resulting list of chemicals
will then be evaluated for extent of contamination at the site.

Extent of Contamination - The extent of contamination may result in significant exposure
of ecological receptors. The EE will make full use of existing data for assessing the nature
and extent of contamination of abiotic media at OU4 as determined and summarized in
Section 2.3. A chemical will be included on the list of COCs if:

- Itis present above natural background concentrations as determined by the "Annual Back-
ground Geochemical Characterization Report" for the RFP;

and either
- It is present above regulatory standards or ARARs;

or
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- It is present above risk-based "acceptable levels";

or both.

In addition, a chemical may be included as a COC if:

- It is reported in greater than five percent of the samples analyzed for a given area;
and at least one of the following:

- It is widely distributed; or

- It occurs in ecologically sensitive areas such as wetlands or seeps which may serve as a
drinking water source for wildlife; or

- It occurs in localized areas of high concentration ("hot spots").

Chemicals that satisfy the above criteria for occurrence, toxicity and extent will be identified and

are discussed in Section 9.2.2.4,

Selected target biotic taxa will reflect the biological populations present at OU4 that are affected,
have the potential for impacts from contamination, or can be measured by contaminant concentra-
tions (see Section 9.2.2.4). The selection criteria will follow guidelines recently proposed by EG&G
(EG&G, 1991u). The plant and animal species that can potentially be selected by these criteria are
limited at OU4 by the restricted and incomplete ecosystems present on the study area. These
ecosystems lack complexity due to few primary producers and the absence of species in higher
trophic levels. The taxa selected at OU4 will partially reflect those that are present in sufficient

numbers or biomass to measure or collect.

The location of a reference area, if needed, will be determined based on habitat type, habitat size,
slope and aspect, and soil type. General soil types should be similar and take into account distur-
bance and loss of topsoil where appropriate. Notable differences between study and reference sites
must be reported. All of these criteria for a reference area, especially a disturbed and secured area,

will probably not be met. A reference area for OU4 may not be necessary.

9.2.1.5 Develop Conceptual Models and Food Web Analysis
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Detailed conceptual models for determining ecological impacts will be developed for defining the
scope of the EE. These conceptual models provide the following elements in the contaminant
ecological impact (risk) assessment:

e contaminants release scenarios

* migration, pathway analysis and transport media

¢ exposure routes and intake/dose measurements or estimates
 types and magnitude of effects on target taxa.

Other models may be used to compare values of contaminant target analytes measured in environ-
mental media to concentrations in biological tissue. These then can be compared to known toxicity
values. While food web analyses in the form of flow paths and charts help to define impacts in

food chains, these types of analyses will have limited utility in the disturbed ecosystems at OU4.

9.2.2 Task 2: Data Collection and Evaluation, Preliminary Risk Assessment

Task 2 will focus on additional accumulation and analyzation of pertinent information in three major

areas:
1. Species, populations, and food web interrelationships

2. Types, distribution, and concentrations of contaminants in the abiotic environment (e.g.,
soil, surface water, ground water, and air)

3. Preliminary determination of potential exposure pathways and potential contaminant
effects on OU4 biota based on literature review.

The principal subtasks remaining in Task 2 include: collecting information, data and literature
review, and evaluation; ecological site characterization; a preliminary ecological risk assessment of
contaminant impacts; and final identification of COCs, target species and reference areas. The final
task is reviewing the field sampling approach and detailed design. These subtasks will be performed
in conjunction with the Task 3 Ecological Field Investigation and include a sampling design with
COCs, target species, and analytes identified. Information that will be developed from these tasks
includes the following:
« COCs - Existing information regarding the nature and extent of contamination at OU4 will
be reviewed and used to develop and better define the preliminary list of COCs. Final

Selection of COCs will follow criteria established by EG&G, although this list will be
periodically reviewed.
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Descriptive Field Surveys - Ecosystems, habitats and biota of OU4 will be inventoried.
Observations will be made on locations of obvious zones of chemical contamination,
ecological effects, and human disturbance.

Species Inventory - Plant and animal species known to occur within OU4, or to potentially
contact contaminants from OU4, will be identified along with their trophic relationships.

Population Characteristics - General information on the composition of ecologically
functional groups and the abundance of important species in those groups will be collected.

Functional Groups Within Ecosystems - Available information from literature sources to
supplement field observations will be collected. Possibly collect productivity or biomass
samples and analyze for target taxa or functional groups.

9.2.2.1 Collect and Evaluate Existing Site Data and Information

An essential component of Task 2 is the additional review of available documents, aerial photo-

graphs, and relevant site data. This review will allow compilation of a data base from which to

determine data gaps and will provide the basis for developing the field sampling program. Studies

conducted by DOE and RFP operating contractors will be reviewed and evaluated. Further

information to be reviewed will include the following:

Project files maintained by EG&G

Project reports and documents on file at Front Range Community College Library and the
Colorado Department of Health '

DOE documents and DOE orders
Phase 1 data baée
RFEDs (database)

Data from ongoing environmental monitoring, EEs from other operable units, baseline
vegetation and wildlife studies, and NPDES programs

Studies conducted at Rocky Flats on radionuclide uptake, retention, and effects on plant and
animal populations

Scientific literature, including ecological risk assessment reports from other DOE facilities
(Oak Ridge, Los Alamos, Hanford, Savannah River, and Fernald).

If available and applicable, historical data will be used. Where the same methods are not to be used

in collection of new data, compilation of historical data will depend on the demonstrated compara-
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bility of the data collection methods. This review and evaluation will identify information gaps in

the ecological site and contaminant characterization, and help define data needs and objectives.

9.2.2.2 Ecological Site Characterization

Environmental and ecological resources at OU4 will be characterized on the basis of reviews of
existing literature and reports, including results from the RFI/RI site characterization and other
operable unit RFI/RIs. This information will be compiled and used in the preliminary risk assess-
ment for pathway and exposure analysis. The description of the site will be presented in terms of
the following resource areas:

* Meteorology/Air Quality

* Soils

+ Geology

» Surface and Ground Water Hydrology
Terrestrial Ecosystems,

Aquatic ecosystems and protected/sensitive species and habitats are not expected to be significant
on OU4,

The purpose of the site characterization is to describe resource conditions as they exist now and the
changes during scheduled interim remedial actions. The narrative with supporting data will include
descriptions of each resource. There will be appropriate tables and figures to clearly and concisely
depict site conditions, particularly as they influence contaminant fate and transport and the likeli-

hood that the contaminants will adversely affect the ecosystems.

Terrestrial and aquatic species in the RFP area have been described by several researchers: Quick,
1964; Weber et al., 1974; Winsor, 1975; Clark, 1977; Clark et al., 1980; CDOW, 1981; and CDOW,
1982a, 1982b. Most of these reports are summarized in the Final EIS (U.S. DOE, 1980). In
addition, terrestrial and aquatic radioecology studies conducted by Colorado State University and
DOE (Johnson et al., 1974; Little, 1976; Hiatt, 1977; Paine, 1980; Rockwell International, 1986b),
along with annual monitoring programs at RFP, have provided information on plants and animals
in the area and their relative distribution. More recent data on species distribution and abundance
can be obtained from the baseline vegetation and wildlife studies and EEs underway at OUs 1, 2,

and 5. These studies are scheduled for completion in FY92 and FY93.
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The preliminary list of important species present on the site, compiled from background information
and the initial site visit, will be completed on the basis of observations of the presence and abun-
dance of species during ecological site surveys and on a general trophic-level model. Based on the
model, a modified list of species will be compiled using toxicological information (toxicity assess-

ment) to determine which species or species groups might be most affected by, or most sensitive
to, the COCs.

Data from past studies and preliminary data from current environmental studies will be used to
identify background information and data gaps to better define the present distribution of contami-
nants from the abiotic environment and to develop an initial food web model. The food web model
may be used in conjunction with exposure values, if a preliminary pathways analysis identifies likely
or presumed exposure pathways or combinations of pathways and uptake from producers, such as
grasses to receptor species. Based on this preliminary information, the Task 3 and Task 9 field

investigation sampling approach/designs may be revised.

9.2.2.3 Preliminary Ecological Risk Assessment
The purpose of the preliminary ecological risk assessment is to define the contaminants at OU4 that

possibly can affect the biota, determine possible exposure pathways, and evaluate possible impacts.
The assessment will use information and data collected and reviewed in the first portion of this
task. Preliminary assumptions will be formed and the conceptual pathway will be used and tested.
This assessment will be used in the next two procedures for selecting target species, contaminants
of concern, and refining the scope of the field investigations. This preliminary assessment will also
help determine informational needs or gaps in the data that will reduce the uncertainties in the final,

more quantitative assessment.

9.2.2.4 Preliminary Identification of COCs, Target Species, Reference Areas

The criteria presented in Section 9.2.1.4 were applied to the potential contaminants and resulted in
a preliminary list of COCs for terrestrial and aquatic sampling (Table 9-4). A comparison of
potential contaminant data with the selection criteria is presented for OU4 in Table 9-5. The COC
list is developed from the selection matrix which is presently incomplete. The list will be completed
after the information on site-specific data is compiled and after additional site characterization

sampling is conducted.
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The final list of COCs to be used in the EE will be selected from the larger list of suspected
contaminants attributed to OU4. The preliminary list of COCs was based on criteria developed by
EG&G for the selection of COCs for EEs. These criteria include: physical properties of the
chemical, such as solubility in water; resistance to chemical or biological degradation; and tendency
to bioaccumulate. The criteria also include regulatory status of the chemical and factors relating

to the nature and extent of contamination.

The target biota in the preliminary list (Table 9-6) were also selected using criteria developed by
EG&G. Target biota were selected from a restricted list of possible taxa but follow the criteria of
being important in the structure and function of the ecosystems present on the OU4 study area, or
of being economically important in other ecosystems. The list of COCs, target analytes, and target
taxa may be revised pending results of soil sampling and field surveys in and around OU4. These
sampling programs are described in Section 7.0 of this RFI/RI Work Plan. The final list of COCs
may include metals, organic compounds, and radionuclides. Analytes for specific tasks will be
selected from the list of COCs.

Reference areas may be used to assess the impact of OU4 contaminants when available data are
insufficient to do so and when appropriate reference areas are available. The decision to use
reference areas and the criteria for selecting reference areas will ultimately depend on the ecological
endpoints to be measured. The decision process for using reference areas is presented in Figure 9-3.
Reference areas will be selected according to criteria in SOP 5.13 - Development of Field Sampling
Plans. The reference site for OU4 may be located in the buffer zone to the north of the Rocky Flats
Plant. Reference areas for terrestrial sites will be selected on the basis of habitat type (see SOP
5.11 - Identification of Habitat Types), soil series, topography, and aspect. Reference areas for
aquatic sites will be not be selected unless indicated during the final planning stage for comparison
with offsite aquatic ecosystems along Walnut Creek. Reference areas for tissue sampling will be

located upgradient or upwind of potential contaminant sources at RFP.

The lists of COCs and target taxa will provide the basis for the contamination impact assessment
(Tasks 4 through 7). In the contamination impact assessment, food webs and contaminant exposure
pathways will be developed for OU4. Information on these food webs will be used to (1) relate
quantitative data on contaminants in the abiotic environment to adverse effects on biota and (2)

evaluate potential impacts on biota due to contaminant exposure.
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Using the more complete data and information review and compilation, the field sampling design
may be modified. Important concerns are the present concentration and distribution of contaminants

in the abiotic media and the condition of the vegetation reestablished on disturbed areas in the study

area.

9.2.2.5 Field Sampling Approach/Design

The FSP (presented in Section 9.3) helps to ensure that data and sample collection is consistent with
the information objectives and DQOs developed for the EE. The FSP is designed to be flexible so
that preliminary data and information can be used to modify and refine subsequent sampling efforts.
Data and sample collection methods will be consistent with the Ecology SOPs (Volume V), and
overall sample design will be consistent among tasks. Therefore, results from preliminary sampling

in Task 3 will be compatible with results from subsequent sampling in Task 9.

9.2.3 Task 3: Ecological Field Investigation

The general Phase I RFI/RI field investigations for OU4 consists of the following separate programs
for site characterization: (1) abiotic sampling for site characterization for the air program, which
will entail emissions estimation and modeling; and (2) the soil sampling program, which will be
conducted as part of the Phase I RFI/RI activities. The terrestrial biota sampling program is
designed to use information from these programs and supplement with specific sampling relating

to ecosystems, biota and habitat present.

9.2.3.1 Site Characterization Program

The site characterization program will provide information for validating conceptual models for
pathway and exposure assessment. These survey and monitoring studies determine the abiotic
parameters of air, soil and sediments, and ground and surface water that influence the rate of tran-

sport and fate of contaminants in the environment.

Air Quality

A sitewide air quality monitoring program is being conducted at Rocky Flats. The data may be used
to model airborne transport of contaminants to potential receptors. Where the inhalation pathway
is considered to be significant in the case of QU4 biota, a detailed pathways analysis and assessment
of potential adverse effects using these transport model data will be performed. The airborne

pathway has been suggested as the source of suspended soil radionuclide contamination from the
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ponds. This is based on soil surveys conducted during the past year and from air samplers and soil

contamination measurements.

Soils

Minimal data exist on contaminants present in surficial soil materials at OU4. Although boreholes
have sampled soils and substrate in and around the ponds to various depths, the samples were
collected from depths other than those relevant for ecological purposes. Recent surface soil
samples, starting in June 1990, were taken west of Pond 207-A in the small area between the pond,
Building 788, and a newly installed trailer. While these results have not been validated, they show
elevated concentrations of plutonium (Pu) and americium (Am) at the approximate ratios contained
in water and sludge in Pond 207-A. This sampling is continuing at locations to be determined.
FIDLER surveys were conducted to confirm the elevated counts for Pu and Am around and between
the ponds and provide data on berms around ponds. Results confirmed the elevated soil contamina-

tion measured and suggest a correlation between elevated FIDLER surveys and soil contamination.

The purpose of the Phase I RFI/RI sampling and analysis program is to provide data for characteriz-
ing OU4 and for confirming the distribution and concentrations of contamination. The Phase I
RFI/RI Work Plan proposes collection of soil samples in OU4. The soil sampling and analysis
program is presented in Section 7.0. In addition, soil analyses will be conducted in connection with
biota sampling to determine uptake and possible bioaccumulation. This information will be used

to evaluate the exposure and dose models being developed.

Surficial soil samples will be of prime importance for determining source contaminants for biota.
This uppermost layer is a major source of nutrients and contaminant uptake for the vegetation under
study. It is also a potential source of contaminant ingestion to soil dwelling animals and inverte-
brates, and their predators. Soil samples from all depths are related to surface water and ground
water regimes. Fluids moving through the soils can leach contaminants, transport them through
available flow paths, and deposit them in downgradient environments. Contamination in soil and
ground water at a depth of greater that 20 feet (maximum depth of burrowing animals and plant root
penetration) will not be considered to affect biota. Contamination at these depths may be considered
if other RFI/RI studies (e.g., ground water studies) suggest that the contaminants may reach the

surface.
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The sampling and analysis programs under the Phase I RFI/RI field investigations will be reviewed
and modified as necessary to ensure that sampling intervals and methods are appropriate for
collection of surficial soil samples in the required locations. Data from the Phase I OU6 RFI/RI
program will also be evaluated for use in characterizing the nature and areal extent of surface soil
contamination in the vicinity of OU4. The information will be used to help identify exposure

pathways for the contamination assessment.

Surface Water and Sediments

Surface water from the Solar Ponds area can flow toward North Walnut and South Walnut Creeks.
Runoff is collected in ditches and natural drainages into two series of ponds in these two creeks.
Surface water and sediment samples are collected on a regular basis as part of ongoing sitewide
investigations. These investigations will continue. Discharges from the ponds are monitored as is
the water collected by the ITS. All discharges are monitored in accordance with NPDES require-

ments, which also include radionuclides.

Ground Water

Ground water generally flows to the east of the Solar Ponds area in two connected ground water
systems. In the surficial materials, ground water flow diverges in two directions: northeast toward
North Walnut Creek and east-southeast toward South Walnut Creek. In weathered bedrock, the
ground water also flows to the east. The ground water is influenced by topography and facilities
construction and grading, seasonal recharge, the top of the bedrock, and the ITS. Inorganic
constituents and radionuclides have been measured in the general Solar Ponds area and are present
in the ground water and ITS seepage flow. This is a potential pathway for contaminants from
ground water to contaminate vegetation around seeps and impact the plants and animals in these

arcas.

9.2.3.2 Field Investigations for Terrestrial Ecosystems
Field surveys will be conducted during Task 3 to characterize current ecological and biological site

conditions in terms of species composition, habitat characteristics, and/or community organization.
Methods identified and described in the Ecology SOPs (Volume V) (EG&G, 1991n) will be used
in collecting biological data and samples. The emphasis will be on describing the structure of
biological communities at QU4 in order to identify potential contaminant pathways, biotic receptors,

and target species.
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Initial site surveys will be conducted during the late fall/winter period, depending on the start of
implementation of field work. These initial qualitative surveys can also be conducted in early
spring. However they should precede the start of detailed surveys, sampling, and the collection of
plants and trapping of animals for tissue samples. Detailed and quantitative field investigations are
planned to coincide with the growing season in late spring/early summer and the maturation period
in late summer/early fall. Exact timing will depend on the seasonal variation in weather and the
phenological response of vegetation and animal reproduction. Additional abiotic sampling for
exposure pathway and toxicity assessment may be decided from these surveys. There are no plans,

at this time, to conduct aquatic surveys or aquatic toxicity testing.

Vegetation

The objectives of the vegetation sampling program are to provide data for: (1) description of site
vegetation characteristics; (2) determination of impacts to plant communities; (3) identification of
potential exposure pathways from contaminant releases to higher trophic-level receptors; (4)
selection of target taxa for contaminant analysis to determine background conditions for OU4; and

(5) identification of any protected vegetation species or habitats.

Wet Meadows Vegetation

Wet meadows type vegetation has been identified north of the Solar Ponds on the fill slope in the
areas of surface seeps. These occur mostly as isolated areas that support hydrophytic vegetation
species, including broad-leaf cattail (Typha latifolia), baltic rush (Juncus balticus), and various
bulrushes (Scirpus spp.). Plots will be established in wet meadows vegetation habitats for collection

of phytosociological data on density and species composition.

Terrestrial Wildlife

A field survey will be conducted to collect data on terrestrial wildlife in potentially affected areas.
The objectives of this survey are to: (1) describe existing wildlife habitats in the OU4 area; (2)
develop food web models, including contribution from vegetation; (3) identify potential contaminant
pathways through trophic levels; (4) identify target species for collection and tissue analysis; and

(5) identify threatened or endangered species.

The field survey will document the presence of terrestrial species and allow for a general description

of the community. Some species (¢.g., songbirds, small mammals, reptiles, and insects) may use
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the area daily, seasonally, or sporadically. The field surveys will consider the use of OU4 habitats
by these species.

The FSP (presented in Section 9.3) will help to ensure that data and sample collection are consistent
with the information objectives and DQOs developed for the EE. The FSP is designed to be flexible
so that preliminary data can be used to modify and refine subsequent sampling efforts. Data and
sample collection methods will be consistent with the Ecology SOPs (Volume V), and overall
sample design will be consistent among tasks. Therefore, results from preliminary sampling in Task

3 will be compatible with results from subsequent sampling in Task 9.

9.2.4 Contamination Impact Assessment (Tasks 4 through 7)

The contamination impact assessment includes Tasks 4 through 7. The two primary objectives of
the contamination assessment are to (1) obtain quantitative information on the types, concentration,
and distribution of contaminants in selected species, and (2) evaluate the effects of contamination

in the abiotic environment on ecological systems.

Contamination impact assessment requires an evaluation of chemical and radiological exposures and
the actual or potential toxicological effects on target species. Specifically, the assessment will
identify exposure points, contaminant concentrations at those points, and potential impacts or injury.
The contamination assessment for OU4 will be based on existing environmental criteria, published
toxicological literature, and existing site-specific data. The program design will be integrated with
other ongoing RFI/RI studies so that concentrations of contaminants in abiotic media can be related
to biota exposures. Task 2 will include a preliminary ecological risk assessment based on the site
characterization and identification of COCs. The preliminary Task 2 assessment will be used to
revise the Task 9 ecotoxicological field investigation sampling design. The contamination assess-
ment process described in the following tasks will include the review of the site-specific pathways
model developed to assess the potential for contaminant exposure to, and adverse effects on, biota.

The description of work for each of the contamination assessment tasks are presented below.

9.2.4.1 Task 4: Toxicity Assessment
This assessment will include a summary of potential adverse effects on biota associated with

exposure to OU4 contaminants, and a comparison of estimated exposure concentrations relative to
published values or concentrations at which toxic effects are known, based on toxicity profiles and

contaminant concentrations. At this time, an uncertainty analysis of the toxicity information for this
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site will be performed. ‘Potential toxic effects on target taxa will then be characterized using EPA
critical toxicity values (when available), in addition to selected literature pertaining to site- and
receptor-specific parameters. The toxicity assessment will include brief toxicological profiles for
COCs and their known distribution and fate in environmental media. The profiles will cover the
major deleterious effects information available for each COC. Data pertaining to wildlife species
will be emphasized, and information on domestic or laboratory animals will be used when wildlife

data are unavailable.

Often there is not enough information in the existing literature to estimate intake rates, understand
how contaminants are metabolized, or define acceptable intake levels on a toxicity basis. This is
true for the concentration levels of contaminants already measured or expected on OU4 in environ-
mental media. Exposure and dose are further reduced by transport and differential uptake in various
species. In these cases, it may be more appropriate to develop a field program to measure an
indicator of contaminant stress (toxicity) rather than undertake the extensive laboratory and field
studies needed to assess the toxicity using the quantitative dose-response approach. These indicators
of contaminant stress are referred to as "ecological endpoints” or biomarkers. Rather than trying
to assess toxicity itself, the ecological endpoint approach measures a specific end result of toxicity,
such as a decrease in the growth of plants or a change in the relative abundance of species that are
sensitive or insensitive to certain contaminants. Comparative ecological studies using reference

areas is another means of assessing contaminant effects.

9.2.4.2 Task 5: Exposure Assessment and Pathways Model

The objective of this task is to assess the physical and biological exposure pathways of the contami-
nants. Each pathway will be described in terms of the chemical and/or radionuclide releases and
concentrations, environmental media, and potential target taxa. The exposure assessment process
will include the following three subtasks: (1) identification of exposure routes and pathways, (2)
determination of exposure points and concentrations, and (3) estimation of chemical or radionuclide

intake/dose for receptors. Each of these subtasks is described below.

Exposure Pathways

The purpose of this subtask is to qualitatively identify the actual or potential pathways by which
various biological receptors at or near OU4 might be exposed to site-related chemicals or radionu-

clides. The exposure pathways analysis will address the following five elements:
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1. Chemical/radionuclide source
2. Mechanism of release to the environment

3. Environmental transport medium (e.g., soil, water, air) for the released chemi-
cal/radionuclide

4. Point of potential biological contact (exposure point) with the contaminated medium

5. Biological uptake mechanism and absorption (dose) at the point of exposure.

All five elements must be present for an exposure pathway to be complete. Exposure pathways will
be modeled, and the models will be evaluated using toxicity tests and actual contaminant concentra-

tions. These results will be used to evaluate the need for additional ecotoxicological investigations
in Task 8.

Determination of Exposure Points and Concentrations

Exposure points are locations where receptor species may contact COCs. Preliminary identification
of exposure points will result from the pathways modeling described above. Fate and transport
modeling will then be used to assess exposures for target species. A preliminary characterization
of the nature and extent of contamination in abiotic media (air, soils, surface water, and ground
water) is presented in Section 2.0 of this Work Plan. Phase I data, where available, will be
summarized and used in characterizing source areas and release characteristics at the site. The exact
exposure points can be expected to vary, depending on both the contaminant and the target species
under consideration. The exposure assessment will provide information on the following:

» Major routes of exposure

 Organisms that are actually or potentially exposed to contaminants from QU4

» Concentrations of each contaminant to which organisms are actually or potentially exposed

» Frequency and duration of exposure

» Seasonal and climatic variations in conditions that may affect exposure
« Site-specific geophysical, physical, and chemical conditions that may affect exposure.

This approach can provide the average and most probable potential maximum concentrations of

chemicals at the exposure points and allow evaluation of the likelihood of maximum effect on target

taxa.
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Estimation of Chemical Intake by Target Species

This subtask will focus on evaluation of the routes of contaminant uptake by target species.
Potential mechanisms of uptake include direct routes (e.g. root uptake, inhalation, ingestion of
contaminated media, or dermal contact) and indirect routes (e.g. foliar deposition or ingestion of
prey species that have been contaminated). The actual absorption rates and metabolic fate of a
contaminant is also important in determining ultimate doses. Contaminants that tend to bioaccumu-
late can result in exposure concentrations greater than those from the environmental media alone.
Exposures will be evaluated according to published bioconcentration factors (BCFs) and site-specific
data when available. The amounts of chemical and radiological uptake will be estimated using site-
specific analytical data and forthcoming guidance from EPA’s Wildlife Exposure Factors Handbook
(to be published in 1991). A pathways model will be used to establish relationships between

contaminant concentrations in different media and concentrations known to cause adverse effects.
Direct measurement of contaminant loads will be conducted in tissue analysis activities in Task 9.
These data will be used to assess uncertainty in the pathways model and thus aid in the integration

of the overall studies at the RFP with other QU investigations.

9.2.4.3 Task 6: Preliminary Contamination Risk Characterization

Contamination risk characterization entails integration of exposure concentrations and reasonable
assumptions with the information developed during the exposure and toxicity assessments. This is
done to characterize current and potential adverse biological effects (e.g., death, diminished
reproductive success or productivity, reduced population levels) posed by OU4 contaminants. The
potential impacts from all exposure routes (root uptake, foliar deposition, inhalation, ingestion, and
dermal contact) and all media (air, soil, ground water, and surface water/sediment) will be included

in this evaluation, as appropriate, according to EPA guidance (U.S. EPA, 19891).

Characterization of adverse effects on receptor species and populations is generally more qualitative
than characterization of human health risks because the toxic effects of most chemicals, and their
environmental fates and interactions, have not been well characterized for natural and disturbed
ecosystems. Criteria that are suitable and applicable for evaluation of ecological effects are
generally limited. EPA Ambient Water Quality Criteria (AWQC) and Maximum Allowable Tissue
Concentrations (MATC) are the most readily available criteria. Criteria set forth in federal and
Colorado laws and regulations pertaining to preservation and protection of natural resources can also

be used where available such as the Endangered Species Act. Criteria may also be derived from
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information developed for use under other environmental statutes, such as the Toxic Substances

. Control Act (TSCA) or the Federal Insecticide, Fungicide, and Rodenticide Act (FIFRA).

In accordance with EPA guidance (U.S. EPA 1989d and 1989¢), priority will be placed on determin-
ing the adverse effects of chemicals at the ecosystem, habitat, and population levels rather than
effects on individual organisms. These adverse effects can be estimated using a "weight of
evidence" approach using several procedures: comparing contaminant intake to acceptable values,
exposure point or dose estimates to toxicity value in the literature, or ecological endpoints or
biomarkers in target taxa within OU4 to reference populations. Where specific information is
available in the published literature, a more quantitative evaluation of effects will be made using
the site-specific pathways model. This approach is in agreement with EPA guidance (U.S. EPA,
1989c).

The assessment characterization may also include evaluating the results of direct toxicity tests at
OU4 or results at other OUs, and the bioaccumulation value. Quantitative estimates of effects may
be calculated by converting the conceptual model into logic diagrams and assigning probabilities
to the steps in the model. The method for determining contamination effects will depend on site
. specific information. The characterization will separate effects, where possible, into organic,

inorganic, and radionuclide categories based on the contaminant of concern properties and toxicities.

9.2.44 Task 7. Uncertainty Analysis

The process of assessing ecological effects is one of estimation under conditions of uncertainty. The
estimates are dependent on numerous assumptions and other sources of uncertainty such as measure-
ment variability and natural ecosystem processes. To address uncertainties, the OU4 EE will present
each conclusion, along with the interpretations or data that support and fail to support the conclu-
sion, and the uncertainty accompanying the conclusion. There will be a need to address the level
of confidence by quantifying the results of the assessment. Factors that limit or prevent develop-
ment of definitive conclusions will also be discussed. In summarizing the assessment data, the
following sources of uncertainty and limitations will be specified:

» Inherent variability of measurements and of the ecological parameter and population being
assessed

 Parameter values from literature and extrapolation to field situation in unmanaged ecosys-
tems
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s Variance estimates for all statistics
+ Assumptions and the range of conditions underlying use of statistics and models

* Narrative explanations of other sources of potential error.

These variances and errors can be reduced by increased precision of measurements or taking addi-
tional samples as well as the validation and calibration of the pathways models used. Other types
of variability, such as effects of low concentration of contaminants, cannot be reduced by increased

sample collection or measurements. The uncertainty analysis may identify additional data needs.

9.2.5 Task 8: Final Planning for Field Investigation

Task 8 will include planning for tissue analysis studies and any additional ecotoxicological studies
needed to assess the adverse effects of COCs on receptor species. Planning for the Task 8 field
investigations will begin after COCs and target species have been selected in Task 2. Final planning
in Task 8 will consider new data generated during other activities of the Phase I RFI/RI in order
to revise field sampling activities. Such data may reveal previously unknown contaminants or the
need for additional soil or sediment sampling to complement sampling performed in association with
other RFI/RI activities. For example, additional sampling may be required to determine levels of
a target analyte in soils at reference areas in which vegetation is to be sampled for tissue analysis.
Methods for any additional sampling will be consistent with those used in other Phase I RFI/RI

activities.

The need for selecting and measuring additional ecotoxicological or assessment endpoints in Task
8 will be evaluated on the basis of the pathways analyses and published information on direct toxic
effects. Data from Task 3 and abiotic sampling programs may also reveal the need for further
ecological testing, or to reevaluate COCs and biotic tissue needed for analysis. For example, results
of the surficial soil sampling in and around the SEP may indicate the need for assessment of soil

microbial function in areas of depauperate vegetation.

Selection of field methodologies will be based on a review of available scientific literature which
provides quantitative data for the species of concern or similar test species. Analysis of population,
habitat, or ecosystem changes will be based on species or habitats that represent broad components
of the ecosystem or that are especially sensitive to the contaminant(s). In order to select methodolo-

gies for the ecotoxicological field sampling program, the biological response under consideration
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and the proposed methodology should satisfy program DQOs as well as the following more specific
criteria:

» The methodology and measurement endpoint must be appropriate to the exposure pathway.

+ The endpoint response to the contaminant is well defined, easily identifiable, and predict-
able.

s The contaminant is known to cause the biological response in laboratory experiments or
experiments with free-ranging organisms.

» The available sample size is large enough to make the measurement useful.

Additional tissue analyses will be evaluated for terrestrial species from OU4 and reference areas

based on the Task 3 investigations.

Prior to conducting Task 8 studies, the FSP will be refined to address the proposed methodologies.
More specific DQOs will be formulated on the basis of the proposed methodologies and will address

the following:

« Number and types of analyses

s Species, locations, and tissues to be sampled
Number of samples collected ‘
Detection limits for contaminants

Acceptable margin of error in analyzing results.

Selection of the species and specific tissues for analysis will be based on a preliminary evaluation
of site-specific food webs, potential contaminant transport pathways, and the potential for accumula-
tion in specific organs or tissues. The decision process for conducting tissue analyses or effects in
target taxa is presented in Figure 9-4. Tissue sampling will be conducted for only the COCs that
bioaccumulate. Whole-body burdens or individual tissues may be analyzed, depending on which
portions are consumed by organisms in higher trophic levels. Suitability of a species for tissue

sampling will depend on its position in the food web and its abundance at the site.

To the extent possible, tissue samples will be collected simultaneously with other biological and
environmental media samples collected during other Phase I RFI/RI sampling activities. This will
allow for determination of site-specific BCFs, which will then be incorporated into the exposure
assessment for use in calibrating/validating the pathways model. Where BCFs cannot be determined,

published or predicted BCF values will be used in the pathways model to assess potential impacts.
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Where ARARSs (i.e., acceptable levels in receptor species or prey species) are established, tissue
sampling must be conducted only at the study area and not in reference areas. Where no pertinent
ARARs exist, tissue sampling may include suitable reference areas. The decision process for the
use of reference areas in tissue sampling is illustrated in Figure 9-5. Use of statistical tests will be

consistent with DQOs and quality assurance provisions of the QAPjP.

Additional ecotoxicological studies indicated from results of Tasks 4 and 5 may include in-situ (in-
field) toxicity testing and/or further laboratory toxicity testing. These tests can be used to isolate
specific contaminants or sources. Selection of a particular methodology is generally based on the
capability of the method to demonstrate a measurable biological response to the selected contami-

nant(s) of concern on a potential target species.

9.2.6 Task 9: Ecotoxicological Investigations

The Task 9 ecotoxicological investigation will consist primarily of collection of additional samples
for tissue analysis and additional measurements for biotic impact affects as endpoints or biomarkers
on ecosystem processes or population parameters in the field. Analyses of tissue contaminant
concentrations will provide data for evaluation of the relationship between environmental concent-

rations and toxicity from contaminant loads predicted by pathway and food web models.

The revised FSP developed in Task 8 will be executed in Task 9. SOPs and analytical protocols
will be closely adhered to. Reference areas will be sampled in parallel to study areas to help ensure
comparability of data, if determined to be necessary. Results of Task 9 activities may be used to
revise contamination assessment and pathways models. Further sampling will be performed if

necessary. Data validation will be an integral part of the sampling conducted during this task.

9.2.7 Task 10: Environmental Evaluation Report

Task 10 will include the final contaminant risk assessment and summarization of information and
production of an environmental evaluation report as part of the RFI/RI report. The Environmental
Evaluation Report (EER) will be prepared in a clear and concise manner to present study results and
interpretation. All relevant data from the EE, in addition to relevant Phase I RFI/RI data, will be
integrated and evaluated in the characterization of potential environmental impacts. A proposed

outline for the EER is presented in Table 9.7
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9.2.7.1 Perform Final Contaminant Risk Assessment

Prior to writing the report, a final contaminant risk assessment verification will be conducted using
the information and data collected in the field and ecotoxicological investigation in Tasks 3 through
9. This verification of the Task 6 assessment will incorporate site toxicity values and tissue
concentrations in pathway models. Ecological endpoints, population, and ecosystem effects will be
characterized using a weigh of evidence approach which considers all lines of evidence in character-
ization. The verification process may affect the uncertainty analysis and reduce error or raise the
level of confidence in the EE. Additional data needs or studies beyond the scope of the EE may
be suggested.

An initial draft report will be written in which the following topics will be covered:

* Objectives

» Scope of Investigation

 Site Description

o Contaminants of Concern and Target Species
» Contaminant Sources and Releases

» Exposure Characterization

* Impact Characterization

* Remediation Criteria

+ Conclusions and Limitations.

A proposed outline to be followed in preparing the EER is presented in Table 9.7. The EER will
be presented and written for use by a diverse group such as specialists, agency personnel, and the
general public. An Executive summary will present the basic information in each section of the
assessment, how this information supports the characterization, and the general conclusion reached
in the EE.

9.2.7.2 Remediation Criteria

Remediation criteria protective of Rocky Flats biota will be developed in Task 10 on the basis of
the results of the food web analyses, pathways model, and exposure assessments. Remediation
criteria will be developed for contaminants for which a significant ecological impact is detected or
for which a significant risk exists. Criteria will address remediation of the contaminant source so
that remaining environmental concentrations and forms do not pose a threat to target taxa.
"Acceptable" environmental concentrations will be estimated using exposure assessments to calculate
contaminant concentrations in abiotic media below which the ecotoxicological effect is not expected

to occur. The acceptable (no effects) criteria levels will be used in conjunction with ARARs to
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evaluate potential adverse effects on biota as appropriate for the EE portion of the Phase I RFI/RI.
This approach will be integrated with the baseline human health risk assessment process and will

assist in development of potential remediation criteria.

9.3 FIELD SAMPLING PLAN

Field sampling activities will be conducted in Tasks 3 and 9 of the EE. Task 3 field sampling will
include the following: -

» Confirmation of habitats and vegetation mapping units at OU4
» Selection of reference area, if necessary
» Characterization of biota present at OU4 (and reference areas, if appropriate).

Planning for the Tasks 8 and 9 tissue analysis program was begun and will continue in Task 2 so
that samples collected in the Task 3 field inventory can be used wherever possible (i.e., where COCs
have been defined and field sampling protocols have been developed). Final determination of the
need for additional ecotoxicological studies (e.g., reproductive success, population studies, or

enzyme analyses) will be made after completion of the contamination impact assessment.

The FSP is provisional and will be periodically revised as appropriate. The Task 3 sampling plan
is largely complete but may be modified in order to better coordinate with the sampling programs
for the OU4 RFI/RI or other operable units. The Task 8 FSP will be designed in greater detail after
completion and verification of COCs and target species, preliminary determination of food webs,
and contamination source-receptor pathways. In addition, results of Task 8 planning may include
plans for additional soil or sediment sampling in study or reference areas. Detennination of this
need will follow from results of the soil sampling described in Section 7.0. This FSP was prepared
in accordance with SOP 5.13 - Development of Field Sampling Plans. All ecological data and
sample collection will follow the procedures provided in the Ecology SOP (Volume V) (EG&G,

1991n), with appropriate site specific addenda as needed.

9.3.1 Site Description

OU4 encompasses the Solar Ponds and their area of influence, the study area as indicated in Section
9.2 and on Figure 9-2. The Solar Ponds have historically been the recipients of industrial and
hazardous waste stream products produced at the Rocky Flats Plant. Five ponds are presently in

existence and Pond 207-A is the largest pond. Ponds 207-B North, Center, and South are smaller,
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ponds to the east of Pond 207-A. Pond 207-C is approximately equal in size to the B series ponds
‘ and lies to the west of Pond 207-A.

9.3.1.1 Study Site Detail

Although the ponds were lined, it is known that some leakage into the ground around and under-
neath the ponds has occurred. The water collected in the ITS is pumped back into the ponds. As
noted previously, overlap with other operable units is expected and coordination with them for the
exact extent of the OU4 study area boundaries will be necessary. Tentative study area boundaries
for OU4 are the perimeter access road around the security fenced area to the north of the ponds, the
area around and east of the ponds to an access road, west to the dirt road just west of Pond 207-C,
and south to the paved road to the south of the ponds (see Figure 9-6). The entire OU4 and study
area has been disturbed by grading and facilities construction and drainage control. Plants have
subsequently revegetated some areas by planned seeding or natural invasion, and some animals have
become reestablished. Ponds may be dewatered by the time of implementation of this EEWP and

other interim closure activities started.

9.3.1.2 Reference Site Detail
. The reference site for OU4 may be located in the buffer zone to the north of the Rocky Flats Plant.

The exact location will need to be determined based on the following criteria:

 Habitat Type -- The Solar Ponds and part of the surrounding study area are within a
restricted access area. In those sections, wildlife is restricted to those which can penetrate
the security fence. The vegetation has been disturbed by the building of the ponds, the ITS,
and surrounding buildings. The reference site should have a natural seep similar to that
immediately below (to the north of) the ponds.

+ Habitat Size -- The actual size of available habitats within the study area is limited to the
slopes to the north of the ponds and the drainage to the south of the ponds at the headwaters
to South Walnut Creek. When the exact extent of the study area is determined during Task
1 of the EE, habitats within the reference area should correspond in size and disturbance to
account for the edge effect.

¢+ Slope and Aspect -- The reference site will need to have a slope with a north aspect at a
degree of slope within about 25° of the compass direction (aspect) of the slope below the
ponds where the ITS is located.

» Soil Type -- General soil type or types should be similar and take into account disturbance,
fill materials, and loss of topsoil where appropriate.

. Notable differences between study and reference site must be reported.
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All of these criteria for a reference area, especially an industrially disturbed and protected area, will
probably not be met. A reference area for this operable unit may not be necessary and should be

reevaluated during implementation of the EE.

9.3.2 Objectives
Objectives for the field sampling plan are:

Collect site specific data on biota and important abiotic parameters
Provide input into the conceptual model and exposure analysis
Measure concentrations of contaminants in terrestrial organisms
Measure indicators of impacts or stresses (ecological endpoints).

COCs and Ecological Target Taxa

The Solar Ponds received nitrates, radionuclides, metals, and other process wastes produced at the
Rocky Flats Plant and are expected to have high contamination of these analytes. A preliminary
list of COCs is provided in Table 9-4 although this list is expected to be revised or expanded.

Target taxa (receptors of concern) will be limited to plant species, herbivorous small mammals, and
arthropods. They are limited to producers and primary consumers. Secondary consumers (predatory
birds, mammals) are not of concern because too little of their diet is composed of material from the

OU4 study area. The potential target taxa (receptors of concern) are given in Table 9-6.

DQOs for Each Activity

The detailed DQOs for the surveying and sampling of target taxa, handling of samples and analysis,

and compiling and reporting data are still to be developed.

Habitat and Taxa Specific Sampling
The major community habitat type found in the study area is the disturbance/ barren land. A minor

community within this is the cheat grass/weedy forbs community type. A second major type is the
mixed grassland complex. A minor community within the grassland is comprised of two short
marsh/wet meadow type areas (see Section 9.1.3.1). None of these communities have natural, undis-

turbed soils or vegetation.
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9.3.3 Habitat and Taxa Specific Sampling

The disturbed habitats at OU4 are small and limited in the number of taxa and trophic levels
present. Aquatic habitats are lacking, and the ponds in their present condition support little or no
biota other than algae and bacteria. The terrestrial sampling will be limited to vegetation, small
mammals, and arthropods. Coyotes and fox, the large mammals probably present in the study area,
and birds, including raptors, would be only occasional users due to their high mobility and the
condition of the small and highly disturbed study area. Therefore, they were not included in the

sampling program. Sampling of reptiles and amphibians for tissue analysis is not anticipated.

9.3.3.1 Terrestrial Sampling

The objective of data and sample collection in terrestrial habitats is to gather data for construction
of food web and exposure pathways models. Relative abundance and distribution will be assessed
for all relevant major groups of terrestrial organisms. Sampling locations for small mammals and
terrestrial arthropods will coincide with vegetation sampling locations. Collection of samples for
tissue analysis will include small mammals, arthropods, and vegetation. Preliminary sampling

locations are shown in Figure 9-6.

Vegetation
Objectives
Data and sample collection will follow procedures described in SOP 5.10. Spring and late summer
data will be collected, and tissues will be collected for analysis at a time to be determined later.

Data collected will be used to assess the following objectives:
» Total plant cover
« Cover by perennial grasses, annual grassés, perennial forbs, and annual or biennial forbs
o Cover by indivi‘dual species
« Richness (number of species)

« Production (standing biomass in grams per square meter [g/m?] and pounds per acre
{Ibs/acre})

» Height (in centimeters).
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Sample Locations

Study site sample locations were determined on the basis of vegetative community availability and
are depicted in Figure 9-6. These locations are preliminary and will be have a final determination
during the initiation of work. Potential locations in adjacent OUs are identified, but are not
included in the present sampling scheme. Reference site sampling locations will also be defined at

that time if a reference site is determined to be necessary.

Collection Methods

Collection methods for terrestrial plant sampling will follow the procedures outlined in Section 6.0
of SOP 5.10. The limited amount of vegetation and total lack of any naturally occurring vegetation
restricts the quantitative surveys to the use of the production plots method only. Sample size
adequacy in cover and biomass surveys will be determined using Cochran’s formula (Cochran,
1977).

The qualitative sampling method will involve compiling a comprehensive species list for each
community type by traversing the entire study area at least monthly throughout the growing season,
and describing abiotic features such as substrate, topography, and soil moisture that could influence
composition and structure. The releve-method (also known as the sample-stand or species-list

method) will be used since the area is too limited for cover transects (Section 6.3.1 SOP 5.10).

Collection of plant tissue for laboratory analysis will be conducted independent of the community
surveys and biomass production and will follow Section 6.4 of SOP 5.10. Only aboveground
biomass will be collected during Task 3 collection; if plant and soil results dictate, root collections
may be done during Task 9. Collection locations will be in the same location as the releve-method
surveys on the study area and from reference areas, if appropriate. Tissue samples will consist of
five samples per survey in the weedy area, up to ten samples per survey in the grassland area and
one sample in each of the seep areas. Samples will be selected randomly within the survey areas.
The samples will consist of aboveground biomass from 0.5 m? plots. The plant tissue will be
separated into species types for species of greater then 25% of total plant cover and the remaining

tissue will be composited.

Sampling Intensity
Sample size will be determined at the time of sampling with species area curve plots and sample

adequacy calculations. Because sample frequency is dependant on the climate (temperatures and

RFPawb.r 9.38 11720191



precipitation) of the year the sampling is done, exact sampling dates will be determined during the
sampling season. Two sampling periods during the late spring/early summer and late summer/early
fall are recommended for the Task 3 sampling period. The Task 9 sampling period, if needed, will
occur immediately after Task 3 sample results are analyzed for completeness for modeling. It is
critical that this occur as quickly as possible before inclement weather makes the Task 9 sampling

impossible or inaccurate. Otherwise, it should be postponed to the following growing season.

QA/QC Sample Schedule

Quality assurance/quality control will following procedures defined in SOP 5.0. Any variance from
SOP will be described and the reason explained. Quality assurance/quality control for tissue sample
collection should be accomplished by collection of collocated duplicates according to the Quality
Assurance Project Plan (QAPP).

Sample Handling and Preservation

Biomass samples will be separated by species into labeled paper bags and oven-dried in the bag
(104°C for 24 hours) then weighted. Clipped material will be maintained in the marked paper bags
until the conclusion of the study. Samples collected for tissue analysis will follow the sample
preparation and packaging specified by the laboratory protocols for the selected analytes and should

be generally consistent with SOP 1.13.

Smalil Mammals
Obijectives
Small mammal populations will be surveyed to determine habitat use and relative abundance. The
results will be used to select species to be collected for tissue analysis. The data will be used in
development of pathways models and the exposure assessment. For community evaluation,
endpoints will include:

» Richness (number of species)

+ Abundance (number per trapping period) by species
» Mean weight.

Sample Locations

Sampling locations will coincide with vegetation sampling locations in areas of suspected contami-

nation and in reference areas, where appropriate.
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Collection Methods

Small mammals will be collected using the live-trapping techniques described in SOP 5.6. Trap
grids or lines (size and shape to be field determined) will be set for four consecutive nights, as
described in SOP 5.6.

Tissue samples will be collected, if determined necessary, from grids corresponding to vegetation
transects in areas of known contamination. To collect individuals for tissue analysis, each individual
of the designated target taxon will be randomly assigned to a particular analytical suite. Collection
will continue until all of the required sample quantity is obtained. If composite samples are
required, each individual will be randomly assigned to a sample, and collection will continue until
six samples of the appropriate quantity are obtained. If multiple trap-nights are required to obtain
adequate sample quantity, individuals will be frozen as soon as possible, but within four hours of
collection. Tissue sampling will occur in late summer or fall after the conclusion of the live-
trapping program. Only adult males and non-lactating females mammals will be collected.
Reference areas may be used in the tissue sampling section of the study, if necessary and appropri-

ate.

Sampling Intensity
Each sampling suite will be run for a least four consecutive nights. Live trapping will be conducted

in the spring (April - May) and early fall (September - October) providing that the population will
support this intensity.

QA/OC Sample Schedule

Quality assurance/quality control will following procedures defined in SOP 5.0. Any variance from

SOP will be described and the reason explained. Special attention will be given to minimizing
chance of harm to the animals not intended for tissue analysis and to avoid injury to the workers

from animal bites or scratches.

Sample Handling and Preservation

Animals collected for tissue analysis will be sacrificed by placing into a sealed container with cotton
saturated in Metafane, inducing hypothermia, or cervical separation. The dead animal will be placed
in a glass sample container in a cooler with Blue or dry ice for up to four hours. After four hours,
the samples must be shipped to the analytical laboratory or place in a freezer overnight or until

shipped. Labeling, handling, and shipping of small mammals for laboratory analysis should be
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generally consistent with SOP 1.13. Samples collected for tissue analysis must follow the sample

preparation and packaging specified by the laboratory protocols for the selected analytes.

Arthropods

Objectives

Terrestrial arthropods (e.g., insects, spiders, ticks) will be surveyed for relative abundance, and
composite samples of selected taxa will be collected for tissue analysis. Assessment of community
composition will include evaluation of the following endpoints:

+ Richness (number of species collected from a given transect)
+ Biomass (g/m? of selected taxa collected from transect).

Sample Locations

Sampling locations will coincide with vegetation sampling locations in OU4, other areas of known

contamination, and reference areas.

Collection Methods

Collection of survey data will involve use of sweep nets and pitfall traps, in accordance with SOP
5.9. Coleopterans (beeﬂes) will be emphasized in collection of specimens for tissue analysis. In
grasslands, this group is primarily ground dwelling, and relatively large numbers can be obtained.
Pitfall traps will be used to collect specimens for tissue analysis. For tissue analysis, six samples

will be selected at random from the ten collected along the vegetation transect.

The Berlese Funnel Analyses (Section 6.2.6 SOP 5.9) method to collect soil arthropods may be used
during the Task 9 sampling period if high contamination of surface to 18 inch depth of soil is found

during soil sampling.

Sampling Intensity
Sweep-netting will follow the full length of the small vegetation community present with care to

collect from the area uniformly (both vertically and horizontally). One pitfall trap will be located
every 5 meters along a line parallel to the long axis of the vegetation habitat. Traps will be checked

after dawn, at mid-day, and before dusk for a minimum of three consecutive days.
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QA/QC Sample Schedule
Quality assurance/quality control will following procedures defined in SOP 5.0. Any variance from
SOP will be described and the reason explained. Special care in the handling of killing jars and

other containers with potentially hazardous materials will be specified.

Sample Handling and Preservation

Netted material collected during the sweep-netting method will be aggregated at the end of each

transect and enclosed in a killing jar containing ethyl acetate.

Samples obtained will be placed in a glass jar or glassine envelope for later identification and
enumeration, as appropriate. Organisms to be preserved as voucher specimens will be pinned or

placed in ethyl alcohol or 5% buffered formalin, as appropriate.

Samples collected for tissue analysis will follow the sample preparation and packaging specified by
the laboratory protocols for the selected analytes and should be generally consistent with SOP 1.13.

Terrestrial Sampling Matrix
A complete table will be constructed that contains sample locations, objectives (tissue, quantitative

or qualitative community analysis), methods, and sampling dates for each taxon when these facts
are fully determined. A matrix will be developed following protocol in the Ecology SOP, Volume
V (EG&G, 1991M) for each taxon.

9.4 SCHEDULE

An approximate schedule for conducting and completion of the work outlined in this EEWP is
presented in Figure 9-7. This schedule is also integrated with the flow diagram presented in Figure
9-1 on the interrelationship of the tasks and subtasks. Decision points in this schedule for the
timing of, and necessity for, a task have not been determined. However, the process for these
decisions is included in the EEWP.

Seasonal changes and weather patterns profoundly affect the required timing and results of ecologi-
cal field sampling. The general timing of field activities will be subject to change in relationship
to the seasons. The exact timing of the field sampling activities are dependent on rainfall and
temperature during the growing season and the preceding winter’s precipitation. To the extent

possible, this timing will be adjusted to take into account these weather related factors.
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TABLE 9.4

. PRELIMINARY LIST OF CONTAMINANTS OF CONCERN
FOR OU4 ENVIRONMENTAL EVALUATION

Metals

Beryllium
Chromium
Copper
Nickel
Zinc

Volatile Organics

Trichloroethene

Radionuclides
Gross Alpha
Gross Beta

Plutonium-239
Americium-241

. Tritium

Inorganics

Nitrate/Nitrite
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TABLE 9.6

POTENTIAL TARGET TAXA
FOR ASSESSMENT OF ECOLOGICAL IMPACTS AT OU4

Mammals

Deer Mouse
Microtines
Cottontail
Coyote

Fox

Terrestrial Invertebrates

Earthworms
Arthropods

Grasses/Forbs
Smooth brome
Tall wheatgrass
Crested wheatgrass
Sideoats grama

Cattails
Alfalfa

Shrubs

Yucca

Microbial Populations

Entire Population
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TABLE 9.7

PROPOSED ENVIRONMENTAL EVALUATION REPORT OUTLINE

SOLAR EVAPORATION PONDS
OPERABLE UNIT 4

EXECUTIVE SUMMARY
1.0 INTRODUCTION
1.1 Approach and Objectives
1.2 Contamination
1.3 Scope of the Environmental Evaluation
2.0 SITE DESCRIPTION
2.1 Physical Environment
2.2 Terrestrial and Aquatic Ecosystems, Habitats
2.3 Contaminants of Concern
2.3.1 Sources and Releases
2.3.2 Criteria and Definition
3.0 CONTAMINANT IMPACT ASSESSMENT
3.1 Information and Data Base
3.1.1 Review of Available Information
3.1.2 Ecological Field Investigations and Sampling Results
3.2 Toxicity Assessment
3.3 Exposure Assessment
3.3.1 Pathway Analysis
3.3.2 Exposure Media
3.3.3 Chemical Fate and Transport
3.3.4 Exposure, Dose Analysis
3.4 Effects Characterization
4.0 ENVIRONMENTAL EVALUATION REPORT
4.1 Final Risk Characterization
4.2 Uncertainty Analysis and Assumptions
4.3 Remediation Criteria
5.0 REFERENCES
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ENVIRONMENTAL RESTORATION PROGRAM Manual: 21100-WP-0QU04 .1

Phase | RFI/RI Work Plan Section No.: 4.1, Rev. 0, Draft A

for Operable Unit No. 4 Page: 1 of 22
' Effective Date:

Approved by:

Manager, Remediation Programs RF! Project Manager

10.0 QUALITY ASSURANCE ADDENDUM

This section consists of the duality Assurance Addendum (QAA) for Phase | investigations at Operable
Unit No. 4 (OU4), which supplements the "Rocky Flats Plant Site-Wide Quality Assurance Project Plan
for CERCLA Remedial Investigation/ Feasibility Studies and RCRA Facility Investigations/Corrective
Measures Studies Activities” (QAPjP). This QAA establishes the site-specific Quality Assurance (QA)
controls applicable to the investigation activities described in the OU4 Work Plan {OU4 WP).

OU4 is one of 16 operable units (OUs) identified for investigations under the Rocky Flats Piant (RFP)
interagency Agreement {IAG). QU4 consists of the Solar Ponds Waste Management Unit, which is
considered equivalent to Individual Hazardous Substance Site 101 (IHSS 101). The major features of
IHSS include the present Solar Evaporation Ponds, the Original Pond, the Interceptor Trench System
(ITS), and areas in the immediate vicinity of the Solar Ponds. The physical setting of OU4 is described

in Section 2.0 and illustrated in Figure 2-2.

Phase | of the RFI/RI process typically involves characterization of the site physical features and '
definition of contaminant sources. In addition to this, groundwater monitoring welis will be installed
upgradient of the IHSS to assess potential contamination related to the Solar Ponds and to differentiate
contamination from other potential sources located upgradient of the site. This is being done in
accordance with RCRA guidance. The QU4 WP has been prepared in accordance with the Federal and

State of Colorado regulations and guidance documents identified in the Introduction (Section 1.0).
10.1 ORGANIZATION AND RESPONSIBILITIES

The overall organization of EG&G Rocky Flats and the Environmental Management Department (EMD)

and divisions involved in Environmental Restoration (ER) Program activities is shown in Figures 1-1, 1-

866D0686.003
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2, and 1-3 of Section 1.0 of the QAPjP. Individual responsibilities are also described in Section 1.0
of the (QAPjP).

Contractors will be tasked by EG&G Rocky Flats to implement the field activities outlined in the QU4
WP. The specific EMD personnel who will interface with the Contractors and who will provide

technical direction are shown in Figure 10-1.
10.2 AQUALITY ASSURANCE PROGRAM

The QAPjP was written to address QA controls and requirements for implementing 1AG-related

activities. The content of the QAPjP was driven by Department of Energy (DOE) RFP Standard
| Operating Procedure (SOP) 5700.6B, which requires a QA program to be implemented for all RFP
activities. This program is required to be developed based on American Society of Mechanical
Engineers (ASME) NQA-1, "Quality Assurance Requirements for Nuclear Facilities,” as well as the IAG,
which specifies that a QAPjP for IAG-related activities be developed in accordance with the
Environmental Protection Agency (EPA) QAMS-005/80, “Interim Guidelines and Specifications for
Preparing Quality Assurance Project Plans.” The 18-element format of NQA-1 .was selected as the
basis for both the QAPjP and subsequent QAAs with the applicable elements of QAMS-005/80
incorporated where appropriate. Figure 2-1 of the QAPjP illustrates where the 16 QA elements of
QAMS-005/80 are integrated into the QAPjP and also into this QAA. Section 2.0 of the QAPjP also
identifies other DOE Orders and QA requirements documents to which the QAPjP and this QAA are

responsive.

The controls and requirements addressed in the QAPjP are applicable to OU4 Phase | activities, unless
specified otherwise in this QAA. Where site-wide actions are applicable to OU4 activities, the
applicable section of the QAPjP is referenced in this QAA. This QAA addresses additional and site-
specific QA controls and requirements that are applicable to OU4 Phase | activities that may not have
been addressed on a site-wide basis in _the QAPjP. Many of the QA requirements specific to OU4 are
addressed in the OU4 WP and are referenced in this QAA.

866D0686.003
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FIGURE 1. PROJECT MANAGEMENT FOR OPERABLE UNIT 10
OTHER QUTSIDE CLOSURES, PHASE | RFI/RI
Environmental Programs
Department Director
J.E. Everad
(" Environmental Restoration
Qualty Assurance
Program Manager
LL Mcivoy
Remedistion Programs 1
Division Manager i
P.S. Bunge ll
Quellty Assurance Coordinetor
W.C. Brooks
RCRA Maneger
AT.00g
Alr Progrems RF1 Project Manager Health & Sefety
Coordinator Liaison Officer
R. Porter B.D. Peterman D.M. Sassons
[ 1 ] — T ] ]
8. Hum  W.D. Ewan ] K Schoontons J. Dik (TBD) D.M. Smith LE. Woods
' 1
Laborstories Laboratories Driing/Sampiing
Contractor(s)
Laboratory Laboratory
Velidation Vadidation
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10.2.1 Training

Personnel qualification and training requirements for RFP ER Program activities are addressed in
Section 2.0 of the QAPjP. Personnel qualifications and training required to perform the EMD
Operating Procedures (OPS) that are applicable to OU4 investigations are specified within the
respective procedures. The EMD OPS (which are also referred to as SOPs in the QAPjP and the
OU4 WP) are identified in Table 10.1.

10.2.2 Quality Assurance Reports to Management

A QA summafy report will be prepared annually or at the conclusion of these activities (whichever

is more frequent) by the EMD Quality Assurance Project Manager (QAPM) or designee. This report
will include a summary of field operation and iaboratory inspections, surveillance, and audits and a

report on data verification/validation resulits.

10.3 DESIGN CONTROL AND CONTROL OF SCIENTIFIC INVESTIGATIONS

10.3.1 Design Control

Section 7 describes the Phase | investigation activities that will be implemented to characterize the
physical features of the site and define the contaminant sources at OU4. Section 9 describes the
Environmental Evaluation (EE) activities to be conducted to characterize the biotic environment and
address and quantify the ecological effects from exposure to contaminants within OU4. The OU4
WP identifies the objectives of the investigations; specifies the sampling, analysis, and data
generation requirements; and identifies applicable operating procedures that will provide controls
for the investigations. As such, the QU4 WP is considered the investigation controt plan for OU4
Phase | RFI/RI activities.

10.3.2 Data Quality Objectives

Data needs and data quality objectives {DQOs) for OU4 Phase 1 investigations are addressed in
Section 4, and Section 9.2.1 for the Environmental Evaluation (EE) data. The DQOs for the QU4

866D0686.003
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TABLE 10.1 (Continued)
EMD Operating Procedures and Fleld Activities
for Which They are Applicable

ole deeefefofe]e

,%% .:’;:9 o o/elel e °
S °
‘q,:’ecoo ° ole °
N AR

#_
e

7,
Wi

)

4
4

Dritfing and Sampling Using Hollow-Stem Auger Techniques
lsolating Bedrock from the Alluvium with Surtace Casing

Soll Gas Sampling and Fieid Analysis
Plugging and Abandonment of Wells
Land Surveying
Surface Geophysical Surveys
BAT In-situy Sampler
Sampling of Benthic Macroinvertebratse
Sampling of Plankton
Sampiing of Large Mammala
Sampiing of Small Mammala
Sampling of Birde

_EE08 Sampling of Reptiles and Amphiblane
Sampiing of Terrestrial Arthropods
Sampiing of Terrestrial Vegetation
identification of Habltat Types
Sampling of Soi! for Soll Description
Development of Fleld Sampiing Plans

Monftoring Well and Piezometer installation
Borehole Cleering

.- Operating Procedures
Logging Afluvial and Bedrock Material
Rotary Driting and Rock Coring
Plugging and Abandonment of Boreholes .
Surtace Solt Sampiing
Sampiing of Periphyton
Sampling of Fishes

Number
QT.0t
[<1£: -4
QT.03
QT.04
QT.05
Qr.08
Qar.08
Qr.o0
QT.10
QT.11
QT.18
QT.17
QT.18
arz
EE.04
EE.02
EE.0
EE.04
EE.09
EE.10
EE.11
EE.12
EE.13

EE 08
EE.08
EE.O7

Fomer SOP  EMD OPS
Reference
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Phase | investigations were established in accordance U.S. Environmental Protection Agency (EPA)

guidance for developing DQOs, which is summarized in Appendix A of the QAP;P.

The specific objectives, or data needs, of the OU4 Phase | RFI/R| are based on existing site
information regarding the nature of contamination present and a site-specific conceptual model for
OUA4. These specific objectives determine the type of data to be collected. The quality of the data
is dependent on the analytical level of the data, which dictates the type of sampling and analytical
or measurement quality controls that shouid be adhered to in generating the data. The EPA has
defined five levels of analytical data (Levels | - V). These analytical levels are defined in Section 4
of the WP and Appendix A of the QAPjP. Level | or Il analytical or measurement data requires less

quality control (QC) than does Level lll quantitative data of a known quality.

The intended use of the data determines which analytical level is required for the RFI/RI data to be
geherated. The type of data that needs to be generated and the analytical level of the data

together determine the sampling and analytical 'or measurement options to be employed to generate '
measurement data appropriate for its intended use. The data needs, data types, sampling and
analysis activities, analytical levels, and data use for the QU4 Phase | RFI/RI are identified in Table
4.1 in Section 4.0 of this Work Plan.

Data quality can be measured in terms of precision, accuracy, representativeness, comparability,
and completeness (also referred to'as PARCC parameters). These parameters are defined in
Appendix A of the QAPjP. PARCC parameter goals are established prior to initiating investigations

in order to assist decision makers in determining if DQOs for measurement data have been met.

PARCC parameter goals for measurement data are established so that they are appropriate to the
analytical level of the data. Analytical level IV and V data require analysis of environmental
samples by EPA approved methods and adherence to QC requirements that are specified by the
EPA Contract Laboratory Program (CLP). Historical precision and accuracy measures for EPA
Contract Laboratory Program (CLP) analytical and equivalent methods have been determined.
These historical measures have been selected as the precision and accuracy goals for all ou4

analytical {V and V data. These historical precision and accuracy measures are listed in Appendix B
of the QAPjP.
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Accuracy goals for field parameters to be measured during Phase | investigations (analytical level Il
data, which consists of field analysis or measurements using portable equipment) have been
established and are also presented in Appendix B of the QAPjP. DQOs for analytical level | data,
which are considered field screening data generated using portable instruments, consist of adhering
to approved operating procedures for sampling and analysis, including following applicable

instrument calibration requirements.

Goals for representativeness, comparability, and completeness for the QU4 Phase | RFI/RI are

specified in Section 4.2.6.

The ecological characterization activities described in Section 9 are considered screening activities
| that, typically, require Analytical Level | and Il data. These characterization data will then be used,
along with the OU4 RFI/RI characterization and source contamination data, to develop the
conceptual model for the EE study. Data quality for these characterization activities will be
controlled by adhering to the field sampling operating procedures in implementing the EE Field
Sampling Plan (Section 9.3).

The conceptual model developed for the OU4 ecosystem will assist investigators in identifying site-
specific target species, contaminants of concern, and potential exposure pathways. Additional
DQOs for the contamination assessment tasks (Tasks 4 through 7 of Section 9) and the
ecotoxicological studies (Task 8) will then be developed following steps recommended by the EPA
in EPA/600/3-89/013, Ecological Assessments of Hazardous Waste Sites: A Field Guide and
Laboratory Reference Document, and EPA/540/G-90/008, Guidance for Data Usability in Risk

Assessment. The ecosystem characterization data and preliminary aquatic toxicity investigation

data that will be obtained by implementing the EE Field Sampling Plan are needed to develop these
additional DQOs.
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10.3.3 Sampling Locations and Sampling Procedures

The sampling activities to be conducted to generate the data needed to meet the Phase | RFI/R!

objectives include:

. instaliation of upgradient groundwater monitoring wells

* Site-wide radiological survey and surficial soil sampling

. Site-wide vadose zone monitoring

. Field sampling and geophysical investigation in the vicidity of the Original Pond
. Field sampling and geophysical investigation of the existing Solar Ponds area

. Field sampling and geophysical investigatidn of the Interceptor Trench System.

The field sampling design, including sampling locations, frequencies, methods, and procedures are
described in Section 7.3. Sampling locations, frequencies, and procedures for the EE program,
consisting of vegetation, periphyton, benthic macroinvertebrate, fish, and small mammals sampling,

are addressed in Section 9.3.

The operating procedures that are applicable to OU4 Phase | field activities and the particular

activities to whicﬁ they are applicable are summarized in Table 10.1.
10.3.4 Analytical Procedures

The analytical program for the OU4 Phase | RFI/RI is discussed in Section 7.4. The analytes of
interest and the specified detection fimits are identified in Table 7.1. The analytical methods that
shall be adhered to are those that are specified in the EG&G Rocky Flats General Radiochemistry
and Routine Analytical Services Protocol (GRRASP), Parts A and B. These methods are referenced
in Section 3.0 of the QAPjP. Specific analytical methods for each analyte identified in Section 7.4
are referenced in Appendix B of the QAPjP.
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10.3.5 Equipment Decontamination

Non-dedicated sampling equipment (i.e., sampling equipment that is used at more than one
location) shall be decontaminated between sampling locations in accordance with OPS-F0.03,
General Equipment Decontamination. Other equipment (e.g., heavy equipment) potentially
contaminated during drilling, hydrogeologic/geologic testing, boring, sample collection, etc. shall

also be decontaminated as specified in OPS-FO.04, Heavy Equipment Decontamination.
10.3.6 Air Quality

Air monitoring will be conducted during implementation of field activities that have the potential to
create windblown dispersion of contaminants, including drilling, cbring, and installation of

monitoring wells. Air monitoring will ensure that OU4 RFI/RI activities comply with the RFP Interim
Plan for Prevention of Contaminant Dispersion. Air monitoring will be conducted according to OPS-

F0.01, Wind Biown Contaminant Dispersion Control.
10.3.7 Quality Control

To ensure the quality of the field sampling techniques, collection and/or preparation of field quality
control {QC) samples are incorporated into the sampling scheme. Field QC samples and collection
frequencies for QU4 are addre;sed in Section 7.6 and identified in Table 7.4. A specific sampling
schedule will be prepared by the sampling subcontractor for approval by the EG&G Laboratory
Analysis Task Leader (Figure 10-1) prior to sampling.

10.3.7.1 Objectives for Field QC Samples:

Equipment rinsate blanks are considered acceptable {with no need for data qualification) if the
concentration of analytes of interest is less than three times the required detection limit for each
analyte as specified in Table 7.1. Field duplicate samples shall agree within 30 percent relative

percent difference for aqueous samples and 40 percent for homogenous; non-aqueous samples.
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Trip blanks and field preservation blanks {for organics and inorganics, respectively) indicate possible
field contamination when analytes are detected above the minimum detection limits presented in
Table 7.1. The Laboratory Analysis Task Leader (Figure 10-1) is responsible for verifying these

criteria and shall be responsible for checking to see if they are met and for qualifying data.
10.3.7.2 Laboratory QC

Laboratory QC procedures are used to provide measures of internal consistency of analytical and
storage procedures. The laboratory contractor will submit written SOPs to the Laboratory Analysis
Task Leader for approval. The interlaboratory SOPs shall be consistent with or equivalent to EPA-
CLP QC procedures. The laboratory SOPs must cover the following areas in sufficient detail and

reflect actual operating conditions in effect during analysis of EG&G RFP samples:

. Sample receipt and log-in
. . Sample storage and security
. Facility security
. Sample tracking (from receipt to sample disposition)
. Sample analysis method references
. Data reduction, verification, and reporting
. Document control {including submitting documents to EG&G)
. Data package assembly (seeSection HILA of the GRRASP)
. Qualifications of personnel
o Preparation of standards
. Equipment maintenance and calibration
. List of instrumentation and equipment (including date purchased, date installed,

model number, manufacturer, and service contracts, if any)

. Instrument detection limits
. Acceptance criteria for non-CLP analyses
. Laboratory QC checks applicable to each analytical method

Laboratory QC techniques to ensure consistency and validity of analytical results (including

. detecting potential laboratory contamination of samples) include using reagent blanks, field blanks,
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internal standard reference materials, laboratory replicate analysis, and field duplicates. The
laboratory contractor will follow the standard evaluation guidelines and QC procedures, including
frequency of QC checks, that are applicable to the particular type of analytical method being used
as specified in Parts A and B of the GRRASP and Section 3.0 of the QAPjP. All data packages will
be forwarded to the Laboratory Analysis Task Leader or validation contractor (Figure 10-1) for

review and. verification.
10.3.8 Quality Assurance Monitoring

To assure the overall quality of the RFI/R! activities discussed in the OU4 WP, field ihspections will
be conducted daily and audits and survéillance will be conducted at various intervals. The intervals
will be determined by the importance and complexity of each activity. Intervals will also be based
on the schedule contained in Section 6.0. At a minimum, each of the field sampling activities
described in Sections 7.3 and 9.3 will be monitored by an independent surveillance team at least
once during the sampling process. EG&G will conduct audits of the laboratory contractor(s) as
specified in the GRRASP, Parts A and B. The audits and surveillance, and activity Readiness

Reviews are discussed further in Section 10.18.

10.3.8 Data Reduction, Validation, and Reportinb

10.3.9.1 Analvtical Renorti_ng Turnaround Times
Analytical reporting turnaround times are as specified in Table 3-1 of Section 3.0 of the QAPjP.
10.3.8.2 Data Reduction

Reduction of laboratory measurements shall be in accordance with the methods specified for each
analytical method. Laboratory data will be compiled into sample data packages by the laboratory
contractor. A sample data package shall be developed for each sample delivery group or sample
batch, with separate data packages for each type of analysis (e.g., a data package for organics,
one for inorganics, one for water quality parameters, and one.-for radionuclides). The sample data

package shall consist of a cover sheet/transmitta! letter, a case narrative, data summary forms, and
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copies of the data checklists found in Attachments | in Parts A and B of the GRRASP. The reduced
data will be used in the data validation process to verify that the laboratory control and the overall

system DQOs have been met.
10.3.9.3 Data Validation

Validation activities consist of reviewing and verifying field and laboratory data and evaluating
these verified data for data quality (i.e., comparison of reduced data to DQOs, where appropriate).
The field and laboratory data validation activities and guidelines are described and referenced in
Section 3.0 of the QAPjP. The process for validating the quality of the data is illustrated
graphically in Figure 3-1 of Section 3.0 of the QAPjP, and is aiso included as part of the sample
collection, chain-of-custody, and analysis process illustrated in Figure 8-1 of Section 8.0 of the
QAPjP. The criteria for determining the validity of ER Program data at Rocky Flats are described in
subsection 3.3.7 of Section 3.0 of the QAPjP. )

10.3.9.4 Data Management and Reporting

Data management and reporting requirements are specified in Section 7.5.

10.4 PROCUREMENT DOCUMENT CONTROL

Procurement documents for items and services, including services for conducting field
investigations and analytical laboratories, shall be prepared, handled, and controlled in accordance
with the requirements and methods specified in Section 4.0 of the QAPjP.

10.6 INSTRUCTIONS, PROCEDURES, AND DRAWINGS

The OU4 WP describes the activities to be performed. The OU4 WP will be reviewed and approved

in accordance with the requirements for instructions, procedures, and drawings outlined in Section
5.0 of the QAPjP.

86600686.003



ENVIRONMENTAL RESTORATION PROGRAM ' Manual: 21100-WP-0U04.1

Phase | RFI/Rl Work Plan Section No.: 4.1, Rev. O, Draft A

for Operable Unit No. 4 Page: 14 of 22
’ Effective Date:

EMD OPS approved for use are identified in Table 10.1, which also indicates their applicability.
Any additional quality-affecting procedures proposed for use but not identified in Table 10.1 will be
developed and approved as required by Section 5.0 of the QAPjP prior to performing the affected

activity.

Changes and variances to approved operating procedures and the QU4 WP shali be documented
through preparation of Document Change Notices (DCNs), which will be prepared, reviewed, and
approved in accordance with requirements specified in Section 5.0 of the QAPjP. (Note: DCNs
were referred to as Procedure Change Notices in Revision 0 of the QAPjP).

10.6 DOCUMENT CONTROL

The following documents will be controlled in accordance with Section 6.0 of the QAPjP:

° "Phase | RFI/Rl Work Plan for Rocky Flats Plant Solar Evaporation Ponds {Operable
Unit No. 4)"
. "Rocky Flats Plant Site-Wide Quality Assurance Project Plan for CERCLA Remedial

Investigation/Feasibility Studies and RCRA Facility Investigations/Corrective.
Measures Studies Activities" (QAPjP)

. EMD Operating Procedures (all operating procedures specified in the QAPjP, this
QAA, and to-be-developed laboratory SOPs).

10.7 CONTROL OF PURCHASED ITEMS AND SERVICES

Contractors that provide services to support the OU4 WP activities will be selected and evaluated
as outlined in Section 7.0 of the QAPjP. This includes preaward evaluation/audit of proposed

contractors as well as periodic audit of the acceptability of contractor performance during the life
of the contract. Any items or materials that are purchased for use during the OU4 investigations

that have the ability to affect the quality of the data shall be inspected upon receipt.
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10.8 IDENTIFICATION AND CONTROL OF ITEMS, SAMPLES, AND DATA
10.8.1 Sample Containers/Preservation

Appropriate volumes, containers, preservation requirements, and holding times for water and soil
samples are presented in Tables 7.2 and 7.3. Requirements for EE samples are included here in
Table 10.2.

.

10.8.2 Sample Identification

RFI/RI samples shall be labeled and identified in accordance with Section 8.0 of the QAPjP and
OPS-F0.13, Containerizing, Preserving, Handling, and Shipping of Soil and Water Samples.
Samples shall have unique identification that traces the sample to the source(s) and indicates the

method(s), date, the sampler{s), and conditions prevailing at the time of sampling.
10.8.3 Chain-of-Custody

Sample chain-of-custody will be maintained through the application of OPS-FO.13, Containerizing,
Preserving, Handling, and Shipping of Soil and Water Sampies, and as illustrated in Figure 8-1 of

the QAPjP for all environmental samples collected during field investigations.
10.9 CONTROL OF PROCESSES

The overall pracess of coliecting samples, performing analysis, and inputting the data into a
database is considered a process that requires control. The process is controlled through a series
of written procedures that govern and document the work activities. A process diagram is shown
in Section 8.0 of the QAP;P.
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10.10 INSPECTION

Procured materials and construction activities (e.g., groundwater monitoring well installation) shall
be inspected (as applicable) in accordance with the requirements specified in Section 10.0 of the
QAPjP.

10.11 TEST CONTROL

Test control requirements specified in Section 11.0 of the QAPjP are not applicable to any of the
RFI/R! investigations described in the QU4 WP.

10.12 CONTROL OF MEASURING AND TEST EQUIPMENT (M&TE)
10.12.1 Field Equipment

Specific conductivity, temperature, pH, and dissolved oxygen content, chlorine, turbidity, and
alkalinity of water samples shall be measured in the field. Field measurements will be taken and
the instruments calibrated as specified in OPS-SW.02, Field Measurements of Surface Water
Parameters. Measurements shall be made using the following equipment (or EG&G-approved

alternates):

s Temperature: mercury-filled, teflon-coated, safety-type thermometer (VWR catalogue No.
6107-832 or equivalent), or digital readout thermistor (VWR Catalogue No. 61017-562 or
equivalent)

Specific Conductivity: HACH 44600 Conductivity/TDS Meter

Dissolved Oxygen: HACH or YSI Model 57 Dissolved Oxygen Meter

pH: HACH One pH Meter (this meter may also be used for temperature measurements)
Chlorine and Turbidity: HACH DR2000 spectrophotometer
Alkalinity: HACH digital titrator

® e e
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In addition to the field measurements for water quality, field measurements for radiation, soil gas,
and VOCs in groundwater will also be made. The following instruments will be used for these

measurements.

o Radiological field readings for field survey grid locations and drill cuttings, core, and samples:
A side-shielded field instrument for detection of low energy radiation (FIDLER), Ludlum Model
12-1A or equivalent. Use, calibration, and maintenance will be according to OPS-FO-16,
Field Radiological Measurements. A

o Field readings for soil gas and VOCs in groundwater: A portable photoionization detector
(PID), HNU Systems P1-101 or equivalent. Use, calibration, and maintenance will be
according to OPS-FO.15, Photoionization Detectors (PIDs) and Flame lonization Detectors
(FIDs).

Each piece of field equipment shall have a file that contains:

¢ Specific model and instrument serial number

e QOperating instructions

¢ Routine preventative maintenance procedures, including a list of critical spare parts to be
provided or available in the field

o Calibration methods, frequency, and description of the calibration solutions

¢ Standardization procedures (traceability to nationally recognized standards).

The above information shall, in general, conform to the manufacturer’s recommended operating

instructions or shali explain the deviation from said instructions.

10.12.2 Laboratory Equipment

Laboratory analyses will be performed by contracted laboratories. The equipment used to analyze
environmental samples shall be calibrated, maintained, and controlled in accordance with the

requirements contained in the specific analytical protocols used as specified in Parts A and B of the
GRRASP. This information will be supplied to EG&G as a laboratory SOP.
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10.13 HANDLING, STORAGE, AND SHIPPING

Samples shall be packaged, transported, and stored in accordance with OPS-F0.13, Containerizing,
Preserving, Handling, and Shipping of Soil and Water Samples. Maximum sampie holding times,
sample preservative, sample volumes, and sample containers are specified in Table 8-1 of Section
8.0 of the QAPjP. Sample handling and storage controls at the laboratory shall be provided as a
laboratory SOP.

10.14 STATUS OF INSPECTION, TEST, AND OPERATIONS

The requirements for the identification of inspection, test, and operating status shall be
implemented as specified in Section 14.0 of the QAPjP. A log specifying the status of all boreholes
and groundwater monitoring wells shall be maintained by the Field Activities Task Leader, which
will include weli/borehole identification number, ground elevation, casing depth of hole, depth to
bedrock, static water level {as applicable), depth to top and bottom of screen (as applicable),

diameter of hole, diameter of casing, and top/bottom of casing.
10.15 CONTROL OF NONCONFORMANCES

The requirements for the identification, control, evaluation, and disposition of nonconforming items,
samples, and data will be implemented as specified in Section 15.0 of the QAPjP.
Nonconformances identified by the implementing contractor shall be submitted to EG&G for

processing as outlined in the QAPjP.
10.16 CORRECTIVE ACTION

The requirements for the identification, documentation, and verification of corrective actions for
conditions adverse to quality will be implemented as outlined in Section 16.0 of the QAPjP.
Conditions adverse to quality identified by the implementing contractor shall be documented and
submitted to EG&G for processing as outlined in the QAPjP.
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10.17 QUALITY ASSURANCE RECORDS

QA records will be controlled in accordance with OPS-F0.02, Field Document Control. QA records

to be generated during OU4 RFI/R| Phase | activities incjude, but are not limited to:

¢ Field Logs énd Data Record Forms (e.g., sample collection notebooks/logs for water,
- sediment, and air)’

e Calibration Records

& Sample Collection and Chain-of—Custody Records

e laboratory Sample Data Packages

¢ Drilling Logs

® Work Plan/Field Sampling Plan/QAA

o QAPiP

o Audit/Surveillance/inspection Reports

¢ Nonconformance Reports

e Corrective Action Documentation

¢ Data Validation Results

¢ Data Reports

¢ Procurement/Contracting Documentation

¢ Training/Qualification Records

¢ [nspection Records
10.18 QUALITY VERIFICATION

The requirements for the verification of quality shall be implemented as specified in Section No. 18
of the QAPjP. EG&G will conduct audits of the laboratory contractor as specified in the GRRASP,

Parts A and B. The EMD QAPM shall develop a surveillance schedule with the surveillance intervals ‘
based on the importance and complexity of each sampling/analytical activity. Intervals will also be

based on the schedule contained in Section 6.0.
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Examples of some specific tasks that will be monitored by the surveillance program are as follows:

e Borings and well installations {approximately 10 percent of the holes)

¢ Field sampling (approximately 5 percent of each type of sample collected)

¢ Records management (a surveillance will be conducted once at the initiation of OU4
activities, and monthly thereafter)

¢ Data verification, validation, and reporting

Audits of contractors providing field investigation, construction, and analytical support services

_shall be performed at ieast annually or once during the life of the project, whichever is more

frequent.

A Readiness Review shall be conducted by the EMD QAPM prior to the implementation of OU4 field
investigation activities. The readiness review will determine if all activity prerequisites have been
met that are required to begin work. The applicable requirements of the QAPjP and this QAA will

be addressed.

10.19 SOFTWARE CONTROL-

The requirements for the control of software shall be implemented as specified in Section 19.0 of
the QAPjP. Only database software is anticipated to be used for the OU4 WP activities. Operating

procedures applicable to the use of the database storing environmental data can be found in OPS-
FO.14, Field Data Management.
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. The following RFP program-wide SOPs will be utilized during the specific field investigations for

0ou4:

FO.1
F0.2
FO.3
F0.4
FO0.5
F0.6
F0.7
FO.8
FO0.9
F0.10
F0.11
F0.12
F0.13
F0.14
FO0.15
FO0.16
FO0.18
GwW.1
GwW.2

GW.5
o GW.o
GT.1
GT.2
GT.3
GT 4
GT.5
GT.6
GT.8

11.0 STANDARD OPERATING PROCEDURES AND ADDENDA

Windblown Contaminant Dispersion Control

Field Document Control

General Equipment Decontamination

Heavy Equipment Decontamination

Handling Purge and Development Water

Handling of Personal Protective Equipment

Handling of Decontamination Water and Wash Water
Handling of Drilling Fluids and Cuttings

Handling of Residual Samples

Receiving, Labeling, and Handling of Waste Containers
Field Communications

Decontamination Facility Operations

Containerizing, Preserving, Handling, and Shipping Soil and Water Samples
Field Data Management

Use of Photoionizing and Flame Ionizing Detectors

Field Radiological Measurements

Environmental Sample Radioactivity Content Screening
Water Level Measurements in Wells and Piezometers

Well Development

Measurement of Ground water Field Parameters

Ground water Sampling

Logging Alluvial and Bedrock Material

Drilling and Sampling Using Hollow-Stem Auger Techniques
Isolating Bedrock from Alluvium Using Grouted Surface Casing
Rotary Drilling and Rock Coring

Plugging and Abandonment of Wells

Monitoring Well and Piezometer Installation

Surface Soil Sampling

GT.10 Borehole Clearing
GT.15 Geophysical Borehole Logging
GT.18 Surface Geophysical Surveys

All Volume V Ecology (EE) SOPs.

Specific information regarding most sampling activities is provided in the FSF (Section 7.0).

Project-specific details for this Work Plan will be included in the Document Change Notices

(DCNs). These DCNs will be attached to the SOP for use during field activities.

These documents will be available for review prior to issuing the Final Phase I RFI/RI Work Plan

. for OU4.

RFPawb.r
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APPENDICES A THROUGH G
ARE CONTAINED IN A SEPARATE VOLUME (VOLUME II)
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APPENDIX A
ENGINEERING AND CONSTRUCTION DRAWINGS
Location maps of Original Process Waste Lines and underground utilities
As built Interceptor Trench System diagrams

» Solar Pond area engineering drawings and as built diagrams
« Site utility plans
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APPENDIX B

SUBSURFACE GEOLOGIC DATA
SOLAR PONDS AREA

. o Tabulated subsurface borehole data
* Boring logs
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APPENDIX C

GROUND WATER LEVEL DATA
. SOLAR PONDS AREA

o Ground water level data from RFEDS database
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APPENDIX D
SOLAR EVAPORATION POND LIQUID AND SLUDGE ANALYTICAL RESULTS
. « Summary of analytical results compiled for SEP Closure Plan, July 1988

¢ Analytical results obtained by Weston, July 1991
« Summary of analytical data compiled by Dames & Moore, September 1991
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APPENDIX E

SOIL ANALYTICAL RESULTS
SOLAR PONDS AREA

. s Analytical results of 1989 soil sampling

» Background geochemical characterization results for alluvial and bedrock samples
» Results of radiological surveys in Pond 207-A areca
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APPENDIX F

GROUND WATER ANALYTICAL RESULTS
SOLAR PONDS AREA

. * Ground water analytical data from surficial materials, 1990

» Ground water analytical data from weathered bedrock, 1990
» Ground water analytical data from 1989 borings, VOCs only
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APPENDIX G

AIR MONITORING DATA
ROCKY FLATS PLANT

. » Monthly results from Radioactive Ambient Air Monitoring Program (RAAMP), 1988-1991
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